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THE RELATIVE EFFECTIVENESS OF EIGHT TYFES OF VISUAL
ILLUSTRATION GF THE HUMAN HEART WAS TESTEC IN NINTH THRCUGH
TWELFTH GRADE CLASSES. THE EIGHT TYFES~-ABSTRACT LINE
CRAWINCS, CETAILEC SHACED PRAWINGS, FHOTOGRAFHS OF HEART
MOCELS: ANC REALISTIC MCDELS, EACH IN BLACK AND WHITE ANC IN
COLOR~-~-ANDC A CONTROL FRESENTATION WITH NO ILLUSTRATIONS WERE
ASSIGNED RANCOMLY TO ONE CLASS EACH PER GRADCE LEVEL. EACH
TREATMENT CONSIZTEC OF A TAPE RECORCED ORAL FRESENTATION ON
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CEVICES WERE A PHYSIOLOGY KNOWLEEGE FRETEST; AND FOUR
CRITERION FPRETESTS IN CRAWINGS, ICENTIFICATION, TERMINOLOGY,
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SUBJECTEC TO ANALYSIS COF COVARIANCE, AND MEANS WERE COMFPARED
BY DUNN'S C-FROCECURE TO AVOID OBTAINING SFURIOUS SIGNIFICANT
CIFFERENCES. IN THE IMMECIATE FOST-TESTS, THE ABSTRACT LINEAR
REPRESENTATIONS WERE SUFERICOR TO MORE "REALISTIC"®
PRESENTATIONS, FROBABLY BECAUSE THEY ISOLATEC MATERIAL TO BE
LEARNEC ANC DID NOT PRESENT OTHER IRRELEVANT STIMULI.
SIGNIFICANT CIFFERENCES EXISTED ON THE IMMEDCIATE FOST-TESTS,
BUT ON THE CELAYED MEASUREMENT, PIFFERENTIAL EFFECTS OF THE
NINE TREATMENTS CISAPFEARED FOR ALL TESTS FOR ALL FOUR
GRADES, WITH ONE EXCEPTION. APFENDICES INCLUCE A
BIBLIOGRAPHY, THE EVALUATION INSTRUMENTS, THE TEACHER SCRIFT,
AND SAMFLE VISUAL ILLUSTRATIONS. (BEB)
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I. INTRODUCTION

Background

Extensive research in the field of visual education has estab-
lished, in fact, that visual aids when used to complement instruction
improve student achievement. There has been, however, very little
research that attempts to identify which and what types of physical
characteristics contained within visual illustrations are most
efficient and effective in facilitating student learning; nor has
there been extensive research attempting to establish guidelines
specifying which types of visual illustrations are most effective
in promoting the learning of specific types of educational objectives.

In the past it has been the consensus of opinion that an increase
in the number of cues, or greater realism in the existing cues, in
visual illustrations in-treases the probability that learning will be
facilitated. Following this assumption, many researchers, multiple
channel communicavionists, have proceeded to fill all transmission
channels, especially the pictorial, with as much information as
possible. However, there has been no systematic attempt to determine
the relative effectiveness of various types of visual illustrations.
Consequently, any assumption that the mere addition of stimulus units
to learning situations will increase communication effectiveness seems
to be at best a very tenuous one because it does not seem reasonable
to expect that cues would be equally effective in eliciting similar
responses in complementing oral instruction. At the present time,
we do not know: (1) what kinds of visual illustrations are most
effective in complementing oral instruction; (2) which of the many
types of visual illustrations being used in classrooms throughout
the country are most effective in promoting the learning of specific
educational objectives; (3) whether there is only one visual con-
tinuum for predicting visual effectiveness or several, each being
related to student achievement of specific types of educational
objectives; and (4) whether color, inherent within .the various types
of visual illustrations, affects to a measurable degree their ability
to promote student learning of different types of educational
objectives.




Definition of Terms

Learning Continuum (Visual) A continuum depicting a sequence
of illustrated presentations ranging from low to high in their

predicted efficiency to facilitate learning.

Media Mediez, as defined by Ely (11:¥1), are carriers of
information which may be presented by or tl -ough themselves in ways
to stimulate learning, i.e., books, films, filrstrips, slides, visual
illustrations, and video tapes.

Realism Realism refers to the amount of realis.ic detail
possessed within the various types of visual illustrations.

Statement of the Problem

At the present time there is very little clear evidence for
instructors (teachers) to use as guidelines in selecting and using
visual illustrations in their classes. They have no way of knowing
whether one type of visual illustration is transmitting certain
types of information, i.e., are realistic photographs more effective
in transmitting specific types of information than are simple line
drawings depicting the same information? They have no way of knowing
which of the many types of available illustrations--line drawings,
half tone drawings, sketches, black and white pictures, color pic-
tures, detailed drawings, photographs (both color and black and white)
are most effective in achieving the particular objectives they are
designed to convey. The instructors also have no evidence as to
whether the same types of visual illustrations will be equally
effective in facilitating student learning of all kinds of educa-
tional objectives, or whether they will be equally as effective for
students in different grade levels and in different subject areas.
These are a few of the questions considered in this study.

What appears to be needed is a programmatic approach to the
problem of effectiveness in visual illustrationss. This problem
seems to be approachable in terms of quality-control research where-
in wide varities of visual stimulation are treated under organized
and controlled conditions in order to facilitate the evaluation of
their potential effectiveness in producing the many kinds of desired
learning responses. In short, we need to be moving toward the
creation of those conditions of visual effectiveness which will
maximize the probability that the desired kinds of learning will
occur.




Specific Objectives

This study investigates the possible existence of a visual
continuum representing learning effectiveness which differs from
the realism continuum based on existing realism theories.
Specifically, this study attempts:

a. to measure the relative effectiveness of eight different
types of visual illustrations used to complement oral instruction:

abstract line representacions (black & white)
abstract line representations (color)
detailed, shadad drawings (black & white)
detailed, shaded drawings (color)

heart model photographs (black & white)

heart model photographs (color)

realistic heart photographs (black & white)
realistic heart photographs (color);

o~ PLWwNE

b. to determine at what point further incresses of realism in
visual illustrations fail to produce significant differences in the
achievement of the specific educationa’ objectives;

c. to determine whether there is only one visual learning
continuum which may be utilized in racilitating the learning of the
four types of educational objectives measured at the four grade
levels--ninth, tenth, eleventh, ana twelfth;

d. to measure the amount of immediate and delayed retention
resulting from the use of black and white and colored visual illustra-
tions to complement oral instruction;

e. to determine whether color in visual illustrations is an
important variable in promoting student learning of the four educa-
cional objectives as measured by the criterion tests;

£. to determine whether the realism continuum proposed by the
realism theories is an appropriate and reliable predictor of visual
effectiveness when varied types of visual illustrations are used to
complement oral instruction.




Hypotheses

The purpose of this study was to test the following null
hypotheses:

(Hl) There are no differences on the total criterion test in
immediate retention among students receiving oral instruc-
tion complemented by visual illustrations possessing different
amounts of realistic detail.

Ho: My = My = HI11 = M1y = Hy = Byl = MyiI = MVIIT © HIX

(HZ) There are no differences on the four individual criterion tests
in immediate retention among students receiving oral instruction
complemented by visual illustrations possessing different amounts
of realistic detail.

Ho: BT = MIT = HIIT = RIv = By = HyI = HVII = BVIII = HIX

There ere no differences on the four individual criterion tests
in immediate retention among students receiving black and white
illustrations and those receiving colored illustrations in
complementing their oral instruction.

Ho: MIT = BITI; Hot HIv - My; Ho: Kyl = RIII; Ho® BVIII = HIX

(H,)

(H4) There are no differences on the total criterion test in delayed
retention among students receiving oral instruction comple-
mented by visual illustrations possessing different amounts of
realistic detail.

Ho: HI = HIT = MIII = HIV = My = HYI = MVII = HVIII = HIX

(HS) There are no differences on the four individual criterion tests
in delayed retention .mong students receiving oral instruction
complemented by visual illustrations possessing different amounts
of realistic detail.

Ho: M = HIT = BIII = HIy = Ky = Myl = ByIT = WWIII = HIX

There are no differences on the four im: widual criterion tests
in delayed retention among students rect iving black and white
illustrations and those receiving colored illustrations in
complementing their oral instruction.

Ho: HII = KIII; Ho: HIV = My; Ho: MYI = WYII; Ho! WVIII = MIX

(H

(H7) There are no significant differences in the relative effective-
ness of the various types of visual illustrations used to
complement oral instruction among the grade levels participating
in the study--ninth, tenth, eleventh, and twelfth.




Significance of the Study

This study could serve as a basis for exploring a fundamental
visual learning continuum. First, the investigation attempts to
determine the relative effects on learning of eight types of pic-
torial illustrations:

1. abstract line representations (black & white)
. abstract line representations (color)

. detailed, shaded drawings (black & white)

. detailed, shaded drawings (color)

. heart model photographs (black & white)

. heart model photographs (color)

. realistic heart photographs (black & white)

. realistic heart photographs (color).

OO~ OoOYn W N

The variations in the amount of realism used in constructing the
illustrations should present some additional evidence upon which
decisions can be based relating to the economy of time and cost
involved in the production of visual illustrations for instructional
purposes. Second, this study is an inquiry into the suitability of
the future use of the realism continuum as a dependable experimental
variable. Third, this study attempts to supply direct evidence
relative to which illustration types are most effective in facilitat-
ing the learning of different educational objectives. Fourth, color
versus black and white sequences are evaluated in terms of their
ability to complement oral instruction and to oromote student
learning of the varied learning objectives as measured by the several
criterion tests. Finally, it attempts to identify points on the con-
rinuum where further increases of realism in the visual illustrations
fail to produce significant gains in achievement in the desired types
of learuning.

The importance of this iuformation is emphasized by the in-
creased use of visuals in the various teaching methods, i.e.,
instructional slides, transparencies, photographs, filmstrips,
films, and sketches, which are becoming an integral part of many
curricula. And with the increased use of educational television
and video tapas to expand and improve instructional presentations,
the construction of one or several experimentally-tested visual
learning continuums for general and specific educational objectives
appears essential.




II. REVIEW OF RELATED LITERATURE AND RESEARCH

Introduction

Recent research and literature indicate that too much detail in
an illustration tends to reduce learning via interference (Broadbent
(3, 4), Attneave (2), Jacobson (19), Travers (32, 33)) and that
detail in visual illustrations may be reduced to the point where
its interpretation may cause unpredictable responses (Fleming (13)).
Thus, the two ends of the continuum have been identified. The
relative effectiveness of the visual illustrations falling in the
middle area between the two identified points remains to be re-
searched. Allen (1), Hoban (17), Schramm (29), and Dwyer (10)
have stated that extensive research needs to be conducted on the
physical characteristics inherent within pictorial illustrations
which lead to increased learning and to the attainment of specific
educational objectives.

Visual Realism Continuum

A visual realism continuum would extend from the object or
situation itself to very simplified abstract line representations.
The more qualities a visual has in harmony with the object or
situation which it is to denote, the more realistic the visual is
said to be. For example, in a continuum of illustrations, colored
photographs would provide the most realistic impression of the
object. However, the use of the abstract line representations
would provide a more realistic presentation than would the oral
description alone because the oral presentation provides no con-
crete form or orientation to the parts composing the object or
situation.

'By visualizing a realism continuum (Figure 1), one can see
that realism is a matter of degree. The wisual realism continuum
is based on the contention that as the amounts of realistic detail
in the visual illustration is increased, learning is also increased.
A visual considered to be one hundred percent realistic with
respect to a designated object could not be differentiated from
the object because it would possess exactly the same qualities
possessed by the original object. Oral instruction, therefore,
would contain a 1. , degree of realism, as it would not physically
represent the denota. Consequently, it would follow that visual
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illustrations, ranging from colored photographs to the black and
white abstract line representations, may vary in their ability to
achieve specific learning objectives. Research based upon the
sisual realism continuum was guided by the hypothesis that thete
does exist, in reality, a stimulus continuum which consists of a
group of stimuli which can be arranged in ascending or descending
order with respect to the presence of some discriminable quality
or aspect--that quality being similarity to the denota. The
assumption is: the higher the degree of similarity between the
object or situation and the visual to which it refers, the easier
it will be for the students to learn from.it.

Realism Theories

The present study has evolved out of the inconsistencies
resulting from the research guided by the "established" theoreti-
cal orientations, specifically the iconicity theory identified by
Morris (26), the sign similarity orientation developed by
Carpenter (6), and Dale's (7) cone of experience. For purposes
of convenience the above orientations are referred to collectively
as the realism theories. According to Finn (12), the basic con-
cept around which audiovisual theories have been oriented is the
concrete-to-abstract dimension of learning. The writings of
several other authors appear to substantiate this basic concept
presented by Finn, i.e., Gibson's (15) projective-conventional
continuum, Osgood's (27) more detachable-less detachable continuum
and Knowlton's (20) transparency-opacity continuum.

The basic assumption held by each of the proponents of the
cited realism theories is that learning will be more complete as
the number of cues in the learning situation increases. They
suggest that an increase in realism iu the existing cues in a
learning situation increases the probability that learning will
be facilitated, i.e., the more qualities a visual has in harmony
with the object or situation to be depicted, the more realistic
the visual; therefore, learning will be easier. (Figure 1)

Although it has been established that the use of carefully
prepared visual aids can facilitate student achievement, there
has been little attempt to determine the relative effectiveness
of the various types of visual illustrations in promoting student
learning of varied educational objectives. Miller, et al. (25:
18-85) have stated that it would be a mistake to assume that one
cue added to another would increase learning by a linear increment.




Their contention is that additional cues or excessively realistic
cues may be distracting or possibly even evoke competitive re-
sponses to the desired learning. Such cues would be labeled as
interference and would reduce vather than facilitate learning.
Accordingly, Bruner, et al. (5), and Travers, et al. (32) have
suggested that learners do not need highly embellished stimuli

in order to recognize the attributes of an obiect or situation
which in turn would place it in a particular category facilitat-
ing identification. Travers, et al. (32:1.19) maintain that

", . merely confronting a person with stimuli identical to
those emitted by the real environment is no guarantee that vseful
information will be retained." Dale (8) has supported this
contention., The available evidence (French (14), Miller (24),
Rappaport (28), Travers (33), and Attneave (2)) seems to indicate
that the effectiveness of discrimination learning promoted by the
addition of relevant stimuli may be limited by the information
processing capacity of the organism with learning reaching an
early peak and then diminishing with the addition of relative,
but superfluous, cues.

Broadbent (3, &) has explained that the reduction of learn-
ing as the cue stimulation increases is caused by the filtering
process in the central nervous system which prevents much of the
realistic stimuli from receiving active reception in the brain.
Jacobson (18, 19) has stated that the brain is capable of utilizing
only minute proportions of the information perceived. Recent
research, Livingstone (21, 22, 23), indicates that receptor
sensitivity to stimuli may be reduced or inhibited by processes
of the central nervous system.

Summary

The cited research and literature seem to indicate that
merely presenting a student with stimuli identical to those
emitted by the real environment is not necessarily the most
effective way to facilitate learning. Since excesses of
realism may actually interfere with the transmission of informa-
tion and because of man's inability to receive highly embellished
stimuli, it becomes necessary for those educators who are con-
cerned with the structure of visual illustrations to attempt to
discover those stimuli characteristics that insure that the
subject will obtain the intended kinds of learning. 1t seems
imperative that programmatic research be conducted along these




lines since the related literature and research seem to indicate
that reality may be edited for instructional purposes.

The literature also indicates that the reduction of the
realism in a pictorial illustration does not necessarily reduce
its instructional effectiveness and in many cases improves it,

as long as the symbolic illustration contains the essence of the

phenomena (Travers (33), Attneave (2), Dwyer (10)).

Research has also indicated that the realistic character-
istics of an illustration may be reduced to the point where its
interpretation may cause unpredictable responses (Fleming (13)).

1II. PROCEDURES

Introduction

The purpose of this chapter is to give the reader additional
information about the experimental population, the tests, the
experimental procedures, the statistical design, and the instruc-
tional materials which were used in this study. As has been
indicated, the basic purpose of this study was to compare the
relative effectiveness of varied types of visual illustrations in
complementing oral instruction on four criterion tests designed
to measure student achievemenit on different educational tasks.
Furthermore, it intends to investigate the possibility that the
variations in learning effectiveness of the varied types of visual
illustrations existed between pupils in various grade levels--
specifically, the ninth, tenth, eleventh, and tweifth grades.

Administrative Arrangements

Before the experimental treatments could be presented to the
students a number of administrative and logistical questions had
to be resolved. Arrangements were made with the responsible
personnel in the selected school systems to discuss the feasibility
of conducting the study in their schools. Objectives of the study,
availability of facilities, procedural requirements, types of
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equipment needed, and teacher involvement were some of the topics
reviewed. After the feasibility of conducting the study was
established, tentative dates were established and arrangements
were made for the investigator to visit each school system and
conduct an orientation session for the teachers who were to
participate in the study. At these sessions, the objectives of
the study were reviewed. the experimental procedures were dis-
cussed, and the intent of the physiology pretest, the immediate
post-tests, and the delayed retenticn tests were examined. The
teachers were given instruction leaflets which described in
detail the experimental procedure to be followed during the
instruction and evaluation phases of the study and also their
particular role in the study. 1In addition, the availability of
appropriate equipment was examined in detail. Where additional
equipment was needed, arrangements were made to rent sets of
equipment (tape recorder, slide projector, screen) from the
Audio-Visual Services, The Pennsylvania State University.

Preparation of Materials

It was necessary to design and photograpih nine complete
2" x 2" slide sequences for this study. Each sequence consisted
of thirty-nine slides. Five sequences were in black and white
and four were in color. All slides were taken on high speed
Nicon F 35mm film using a Micro 35mm reflex camara.

The realistic photographic sequence (B & W) was the first
slide sequence produced. Fresh swine hearts were selected for
the original photographs since they closely approximated the
size of the human heart. The swine hearts were placed in a
cooler immediately after removal to promote coagulation of the
blood and to prevent discoloration. A veterinary surgeon per-
formed the cuttings on the hearts so that photographs depicting
the desired concepts could be obtained.

S When the realistic photographs were produced, a graphic
artist reproduced these illustrations in various forms. The
; -4 line represeutations and the detailed, shaded drawings (both
7] B & W and color versions) were based on the realistic photo-
. graphs. The black and white and color versions of the heart
=Y model photographs were included in the study because they

! represented the type of visual illustrations currently being
included jin modern textbooks and they possessed more
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realistic detail than the detailed, shaded drawing presentations.

The graphic artists and the photographers expended every
effort to provide visuals of the highest quality for each slide
sequence. Extreme care was required to make certain that the
same format and size relationships that appeared in the original
heart photographs were conveyed to the drawing and eventually to

the slide sequences.

The slide sequence used with the control group did not
contain visual illustrations of the heart, but did contain printed
word symbols desigpating concepts referred to in the oral presenta-
tion. The printed symbols were employed to facilitate the correct
spelling of the terminology used and to enable the students to
differentiate between those parts of the heart with similar
pronounciation or similar spelling. The same set of printed
symbols was used for all nine slide sequences. The symbols were
located in similar positions in each slide of each of the nine
slide sequences which contributed to the standardization of the
printed symbols throughout each of the nine slide sequences.

The printed symbols were prepared by the Instructional
Graphics Unit of the University Division of Instructional Services,
The Pennsylvania State University. The slides were prepared by the
personnel of the Still Photography Services of the University Divi-
sion of Instructional Services, The Pennsylvania State University.

Arrows were employed in thz visual illustrations to focus
the students' attention on the particular part being discussed
during the oral presentation. Yor maximum discrimination, black
arrows were used to depict the parts of the heart represented
by the abstract line representattions. White arrows were used
with the detailed, shaded drawings and with the realistic and
heart model photographs which possessed half tones; thus, the
white arrows more clearly pointed out the particular part of the
heart being discussed.

Experimental Population

The experimental population for this study was selected from
the Farrell School System, Farrell, Pennsylvania, and the Sulli-
van County High School, Laporte, Pennsylvania. At each grade
level, each of the nine Llasses were assigned at random to one of
the treatment groups. (Tables 1, 2, 3, 4).
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Table 1. Assignment of the Ninth Grade Students into the Nine
Treatment Groups.

Male Female Total
Oral Presentation: Group I 14 17 31
Abstract Line Presentation
(B & W): Group II 17 15 32
{%if Abstract Line Presentation
‘15 {Color): Group III 16 16 32
:;.f Detailed,; Shaded Drawing Presentacion
‘?' (B & W): Group IV 12 16 28
5fff* Detailed, Shaded Drawing Presentation
. (Color): Gyroup V 14 13 27
fif: Heart Model Presenta:tion
N (B & W): Group VI 17 16 33
b
(3 Heart Model Presentation
N (Color): Group VII 15 15 30
- Realistic Photographic Presentation
; (B & W): Group VIII 16 17 33
{ Realistic Photographic Presentation
f (Color): Group IX 17 13 30
: Total 138 138 276
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Table 2. Assignment of the Tenth Grade Students into the Nine

Treatment Groups.

Male

Female Total

Oral Presentation: Group I

Abstract Line Presentation
(B & W): Group II

hbstract Line Presentation
(Color): Group I1lI

Detailed, Shaded Drawing Presentation
(B & W): Group IV

Detailed, Shaded Drawing Presentaticn
(Color): Group V

Heart Model Presentation
(B & W): Group VI

Heart Model Presentation
(Color): Group VII

Realistic Photographic Presentation
(B & Wy: Group VIII

Realistic Photographic Presentation
(Color): Group IX

Total

18

10

13 31

14 24

12
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Table 3. Assignment of the Eleventh Grade Students into the Nine
Treatment Groups.

Male Female Total
Oral Presentation: Group I 17 14 31
Abstract Line Presentation
(B & W): Group II 19 13 32
Abstract Line Presentation
(Color): Group III 10 14 24
; Detailed, Shaded Drawing Presentation
Y (B & W): Group IV 20 12 32
;f; Detailed, Shaded Drawing Presentation ~
D (Color): Group V 15 18 33
o Heart Model Presentation
s (B & W): Group VI 11 19 30
Fs Heart Model Presentation
= (Color): Group VII 13 9 22
o
th Realistic Photographic Presentation
e (R & W): Group VIIX 19 14 33
7y Realistic Photographic Presentation
7 (Ccloxr): Group IX 15 12 27
Total 139 125 264
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Table 4. Assignment of the Twelfth Grade Students into the Nine
Treatment Groups.

Male Female Totel
Oral Presentation: Group I 4 16 20
Abstract Line Presentation
(B & W): Group II 13 17 30
Abstract Line Presentation
(Color): Group III 20 11 31
Detailed, Shaded Drawing Presentation
(B & W): Group IV 17 26 37
’_‘é Detailed, Shaded Drawing Presentation
o (Colox): Group V 13 16 29
.
NN Heart Model Presentation
ot (B & W): Group VI 22 14 36
o Heart Model Presentation
. (Color): Group VII 23 8 31
b Realistic Photographic Presentation
- (B & W): Group VIII 19 10 29
t 4
L,cﬁ Realistic Photographic Presentaticn
. (Color): Group IX 7 _12 19
Total 138 124 262

o
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The eight visual groups were considered to be the treatment
groups and the non-visual group the control group. Each subject
participated in only one learning situation. Information trans-
mitted to each student via the oral channel was held constant for
each presentation and the amount of realism possessed by the visual
illustrations was varied for each of the eight treatment groups.

Before the students received their respective presentations
the purpose of the study was explained to them. They were informed
that they would be tested immediately following the instruction
period, and that they would receive five cents for each correct
answer obtained above the mean achieved by their respective treat-
ment group. The same award held true for the retention test, which
was administered two weeks later. However, the students had not
been informed in advance that they were to be retested.

Students receiving the pictorial presentations viewed their
respective visuals for equal amounts of time. Students in the oral
presentation viewed printed symbols representing the part of the
heart being discussed during the time the students in the pictorial
treatments viewed iliustrations depicting the concepts being dis-
cussed. The rate and number of words per minute were identical
for each presentation. The instruction period for each group was

thirty-two minutes in length.

Treatment Groups

Oral Presentation: Group I

Students in Group I received oral symbels throughout the entire
presentation from a tape recorder. Printed word symbols depicting
the proper spelling of the parts of the heart were projected on the
screen as they were mentioned in the oral presentation. There were
no visual illustrations used in the oral presentation.

Abstract Line Presentation (B & W): Group II

Qtudents in Group II received the same oral instruction as
students in Group I. In addition, they received abstract 1 2
illustrations depicting the form and the relative locations £ the
parts of the heart as they were mentioned in the oral instruction.
The line drawings used in this presentation were similar to instruc-
tional drawings used in many current science textbooks. The line
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drawings used in this presentation were black and white (olack
lines on a white field).

Abstract Line Presentation (Color): Group III

Students in Group III received the same oral instruction as
students in Group 1. In addition, they received abstract line
visual illustrations similar to those received by the students in
Group II; however, these illustrations were in color. The line
drawings used in this presentation were blue and pink (blue lines
on a pink field).

Detailed, Shaded Drawing Presentation (B & W): Group 1V

Students in Group IV received the same oral instruction as
students in Group I. 1In addition, they viewed detailed, shaded
drawings representing the parts of the heart as they were men-
tioned in the oral instruction. These drawings were more complex
than the abstract line drawings and more realistically represented
the heart and its related parts rather than merely identifying and
locating them as in the former line representations.

Detailed, Shaded Drawing Presentation (Color): Group V

Students in Group V received the same oral instruction as
students in Group I. 1In addition, they received visual illustra-
tions similar to the illustrations received by the students in
Group IV; however, these visuals were in realistic color.

Heart Model Presentation (B & W): Group VI

Students in Group VI received the same oral instruction as
students in Group I. 1In addition, they viewed black and white
photographs of a heart model as the heart and its related parts
were being discussed orally.

Beart Model Presentation (Color): Group VII

Students in Group VII received the same oral inscruction as
students in Group I. In addition, they viewed colored photographs
of a heart model as the heart and its related parts were being
discussed orally.




Realistic Photographic Presentation (B & W): Group VIII

Students in Group VIII receive¢ the same oral instruction as
students in Group I. In aeddition,; they viewed realistic black and
white phntographs of the heart as the heart and its related parts
were being described orally.

Realistic Photographic Presentation (Color): Group IX

Students in Group IX received the same oral instruction as
students in Group I. In addition, they viewed realistic colored
photographs of the heart similar to the black and white sequence
received by students in Group VIII

Test Administration

The phvsiology pretest was administered to all students prior
to the time they received their respective instructional treatments.

On the day that the study was conducted, a teacher who had been
thoroughly briefed and who was familiar with the experimental pro-
cedures to be followed was in attendance in each room to give
directions, distribute materials, present the ins:ructional unit,
and answer procedural questions. Prior to the instructional pre-
sentation, the students were told the general nature of the study
and that the study was concerned with the evaluation and improvement
of visual illustrations as instructional aids. The investigator
also gave each group of students a brief orientation to the study
via audio tape. The oral instructional unit was presented to the
students by means of a tape racorder. During the oral instruction
the teacher changed the slides at the appropriate time to provide a
complement to the oral presentation and depict visually the same
information that was being presented orally. The synchronized pre-
sentation was produced by placing an audio impulse on the tape
enabling the teacher to change the slides at the appropriate time.
The teachers also had in their possession a copy of the heart script
which presented verbally and visually which slide the students should
be viewing when a particular portion of the oral instruction was
beirg presented. The post-tests were administered immediately after
the completion of the instructional presentation. When the individual
completed work on onc test, he handed it in and he receive? another
until he had the opportunity to work on each of the four criterion
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tests--drawing test, identificatior test, terminology test, and
comprehension test.

Procedures followed during the delayed retention tests, which
were given two weeks later, were essentially the same as those for
the immediate post-tests. However, the instructional presentation
was not shown again. The teachers who were already familiar with
the 2xperimental procedures administered the delayed retention tests,
i,e., the drawing test, the identification test, the terminology
test, and the comprehension test.

Criterion Measures

Drawing Test

The drawing test (N=eighteen items) provided the student with
a list of specific terms corresponding to the parts of the heart
discussed in the verbal presentation. The students were required
to draw a representative diagram of the he 't and place the numbers
of the lisced parts in their respective positions. In this test
emphasis was placed on the positioning of the verbal symbols with
respect to their concrete referents, not the quality of the diagram
they were to draw.

Ident.fication Test

This multiple choice test (N=twenty items) required students to
identify the numbered parts on a detailed drawing of a heart. Each
part of the heart, which had been discussed in the oral presentation,
was numbered on the drawing. The students were provided with an
answer sheet with corresponding numbers on which they could select
the name of the part of the heart which corresponded to the number.

Termin~logy Test

This test (N=twenty items) consisted of a series of fill-in
questions; it was possible for one and only one specific answer to
be correct. This test attempted to measure the learner's knowledge
of referents for specific symbols or knowledge of the referent which
would be most appropriately associated with the use of a specific
symbol.
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Comprehension Test

heca A
[§E VR

L =4
items. Direct reference was made to the position of specific parts
of the heart while functioning. The student was then asked to
identify the position that other specified parts of the heart would
be occupying at that particular moment. Tnis test required that the
students have a thorough understanding of the heart, its parts, its
internal functioning, and the simultaneous processes which occur
during the systolic and diastolic phases. The comprehension test
was designed to measure a type of understanding that occurs when the
individual understands what is being communicated and when he can
use the information being received to explain some other phenomena.

c
i

Total Criterion Test

Scores received on the four individual criterion tests were
combined in 3 composite seventy-eight item criterion test designed
to measure total understanding of the concepts presented.

Physiology Pretest

A physiology pretest consisting of thirty-six multiple choice
items was administered to all participants in an attempt to deter-
mine their prior factual knowledge of the functional aspects of
human physiology. Scores on this test were used as the adjusting
variable in the analysis of covariance technique to evaluate the
-elative effectiveness of the various treatment groups receiving
oral instruction complemented by visual illustrations.
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IV. STATISTICAL ANALYSES AND RESULTS

A. Immediate Retention Analysis

Introduction

The data used in the statistical analysis (immediate reten-
tion) were secured from 1,054 subjects who composed the entire
experimental sample. Information was secured from each participant
prior to the instruction period, immediately following the instruc-
tion session, and two weeks later. Each subject received a pretest
and four individual criterion tests, the latter being combined in a
composite seventy-e.ght item test designed to measure total under-
standing of the concepts presented. Group achievement was evaluated
in terms of total test score and in terms of scores achieved on the
criterion tests.

. An analysis of covariance was computed in order to test the
hypotheses presented in Chapter I. The author used the programs
"Analysis of Variance" and "Analysis of Covariance' which were
prepared by the staff of the Computation Center at The Pennsylvania
State University. These programs were designed to handle single
= classifications with unequal observations in subclasses. The IBM

- 7074 was used for part of the analyses. The Digitek Optical Reader
N 100 was used to score student responses to the precest, the identifi-

| S : cation test, and the comprehension test.

s The adjusting variable for the analysis of covariance was the
. physiology pretest scores; the dependent variables were criterion
o test scores on the four individual criterion tests and the total
o test score. An analysis of covariance was also used on the data
wes ‘ obtained from the delayed retention test with the immediate total

retention test scores being used as the adjusting variable. The
Pearson r between the immediate total retention test scores and the
physiology pretest scores for the ninth, tenth, eleventh, and
twelfth grades was .41, .46, .49, and .46 respectively. These
correlations are significantly different from zero at the 0.01 level.

A method was sought which would allow the achievement of the
several treatment groups, on the sub-tzsts and total test, to be
tested for significance. The analysis of covariance and the corre-
sponding test for significance based upon the F distribution per-
mitted this to be done. The F distribution shows the variation to
be expected in the ratio of the variances of independent samples
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drawn at random from the same population. If the F test shows there
is a significant variance among a group containing more than two

, then a further test is needed to determine whether there is
a significant differenc~ between any one wmeain and any other mean.
In testing for significance of differences among the means, Dunn's
c-procedure ((9); Sparks (30)) was used to compare the means of the
independent samples. The formula used was:

Dunn's c-procedure was selected because many of the current
texts and reference books used by educational researchers are quite
sharp in their condemnation of the practice of performing t-tests on
each pair of means as a method of testing the hypothesis that, in a
completely randomized design, M = Mg = . . . Mj when K>2

(Sparks (30), p. 343). Steel and Torrie (31) have indicated that

in an investigation consisting of three different treatments, the
observed value of "t" will exceed the 0.05 level of significance
about 13 percent of the time. This will occur even if differences
among the treatment groups are not real. This change in significance
level is progressive; the greater the number of comparisons to be made,
the greater the chances are of obtaining significant differences be-
tween the means, when, in fact, they do not exist. Dunn's c-
procedure is based on the student's distribution. The power of this
technique is in the fact that the investigator is required to limit
the number of comparisons to be made between the means.

Comparison of the Ninth Grade Treatment
Groups on the Total Criterion Test

The test on the effect of the nine treatment groups, via co-
variance, exceeded the critical value of a 0.01 level test
(F=5.69) . The F-ratio provides a test of the null hypothesis after
the criterion data have been adjusted in the linear trend on the
covariate. Hence, the data contradict the general null hypothesis:

ota
[AY

H :

o B Py R v P (See Tables and 6)

%L represents the mean score for the population.
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-prccedure, the values shown in Table 7 were obtained:

Table 7. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results c

uI = pll Group 1 < Group II 5.23
TR = wIII Group I = Group III 2.98
nl = uIv Group 1 < Group IV 3.62%
nI = uv Group I = Group V 5.28
nwI = uvi Group 1 = Group VI 2.30
nwI = uVII Group I < Group VII 3.86%%
nl = uVIII Group 1 = Group VIII 1.77
nl = pIX Group I < Group IX 3.65%
pII = pIIX Group II = Group III 2.26
pII = plv Group II = Group IV 1.44
pII = uv _ Group II = Group V 0.28
pII = pvI Group II = Group VI 2.99
wil = pVII Group II = Group VII 1.34
unII = pVIII Group II > Group VIII 3.48%
pnII = pIX Group II = Group IX 1.50
LIIT = plIv Gvoup III = Group IV 0.75
_RIIT = uv Group III = Group V 2.44
LIII = pVi Group III = Group VI 0.71
RIII = pVII Group III = Group VII 0.91
WIII = pVIII Group III = Group VIII 1.22
LIII = pIX Group III = Group IX 0.72
LIV = uv Group IV = Group V 1.65
pIv = puvl Group IV = Group VI 1.43
pwIV = uviI Group IV = Group VII 0.14
nIV = pVIII Group IV = Croup VIII 1.92
IV = pIX Group IV = Group IX 0.03
uv = uVI Group V = Group VI 3.14
nV = uVII Group V = Group VII 1.56
VAV = uVIII Group V > Group VIII 3.61%
kv = pniX Group V = Group IX 1.71
uVI = uVII Group VI = Group VII 1.61
MVI = pVIII Group VI = Group VIII 0.52
uvli = pIX Group VI = Group IX 1.42
MVII = uVIII Group VII = Group VIII 2.12
pVII = pIX Group VII == Group IX 0.17
uVIII = pIX Group VIII = Group IX 1.92

*Significant at the 0.05 level.
**gignificant at the 0.0l level.

The Roman numerals are not subscripted because of the space limit.
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Comparison of the Ninth Grade
Treatment Groups on the Drawing Test

When the nine treatment groups were compared on the basis of analysis
of covariance on scores obtained on the Drawing Test, a F-value of 6.93,
which is significant at the 0.0l percent level of confidence, was obtained.
The F-ratio provides a test of the null hypothesis after the criterion
data have been adjusted for the linear trend onthe covariate. Hence, the

data contradict the general null hypothesis:
Htho=h i by iy Py v Pyrrr g (See Tables 8 and %)

Table 8. Analysis of Variance and Covariance of the Drawing Test Scores
for the Nine Treatment Groups.

Original Analysis Adiusted Analysis
Sum of Mean Sum of Mean
D.F. Squares Square .F. Squares Square F

Variance

Among
Groups 8 1007.56 125.94 . ? 1023.25 127.91 6.93%%

Within
Groups 267 4234.63 15.80 4906.34  18.45

Total 275 5242.19 5929.59

**Significant at the 0.0l level.

Table 9. Standard Deviaiors and Adjusted Mean Scores for Each Treatment
Group on the Drawing Test.

Total Mean Mean

Treatment s.d. Test Score Test Score
Original Ad justed

.80 3.64 3.97
.76 10.19 10.25
.62 8.75 8.51
.13 8.61 8.80
.15 9.7V 9.73
.94 6.36 6.34
31 .35 10.21
.78 .50 7.59
45 .83 7.55
Grand Mean .07

Oral Presentation (Group I)

Abstract Line (B & W; Group II)

Abstract Line (Color; Group III)

Detailed, Shaded Drawing (B & W; Group IV)
Detailed, Shaded Drawing (Cclor; Grcup V)
Heart Model (B & W; Group VI)

Heart Model (Color; Group VII)

Realistic Photographic (B & W; Group VIII)

2w Ww s R

Realistic Photographic (Color; Group IX)




When ccmwparisons between the means of each treatment were considered in
terms of Dunn's c-procedure, the values shown in Table 10 were obtained:

Table 10. Analysis of Adjusted Mean Scores for Each Treatment Group.

Qratrictical Results

II
Group I1I
Group IV
Group Vv
Group vi
Group
Group
pIX Group 1
Group
nIV Group
YA Group
LVI Group
= pVII Group
LWVIII Group
pIX Group
LIV Group
= UV Group
uVI Group
LVII Group
= uVIII Group
= pnIX Group
LIV AV Group
LIV LVI Group
LIV = WVII Group
LIV = WVIII Group
LIV = LIX Group
YAV = uVI Group
VAY HVII Group
Ay = wVIII Group
uv pIX Group
VI = uVII Group
uVvI = WVIII Group
MV B IX Group
uVII = pVIII Group
uVII = ulX Group
LWVIIL HIX Group

7=Significant at the 0.05 level.

wle
@~

%Significant at the 0.01 level.

The Roman numerals are not subscripted beacuse of the space limit.




Comparison of the Ninth Crade
Treatment Groups on the Identification Test

— When the nine treatment groups were compared on the basis of analysis
of covariance on scores obtained on the Identification Test, an F-valuz of
2.67, which is significant at the 0.0l level of confidence, was obtained.
The F-ratio provides a test of the null hypothesis after the criterion
data have been adjusted for the linear trend orn the covariate. Hence, the
data contradict the general hull hypothesis:

. Hoth =i oy iy by iy Py Py oy (See Tables 1L and 12)
o Table 11. Analysis of Variance and Covariance of the Identification Test
ey Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis

;T%f Variance Sum of Mean Sum of Mean

T D.F. Squares Square F D.F. Sqrares Scquare F
§1  Among

A Groups 8 342.36 42.80 2.61%* 8 318.51 39.81 2.67%%
- 5

_— Within

T Groups 267 4398.02 16.41 266 3961.83 14.389

2 Total 275 4740.38 274 4280.34

sk

. Significant at the 0.01 lewvel.

N table 12. Standard Deviations and Adjusted Mean Scores for Each Treat-
e ment Group on the Identification Test.
Total Mean Mean
s 1 Test Score Test Score
- Treatment s.d. O=iginal Ad justed
'e“ Oral Presentation (Group I) 2.54 6.48 6.75
| Abstract Line (B & W; Group II) 4.69 9.81 9.86
P Abstract Line (Color; Group III) 4 .49 8.78 8.52
Detailed, Shaded Drawing (B & W; Group IV) 3.96 8.57 8.73
M,; Detailed, Shaded Drawing (Color; Group V) 4.63 10.11 10.13
A Heart Model (B & W; Group VI) 3.21 8.09 8.07
Heart Model (Color; Group VII) 3.93 9.10 8.98
] Realistic Photographic (B & W; Group VIII) 3.44 7.09 7.17
L Realistic Photographic (Color; Group IX) 5.05 9.63 9.40
Grand Mean 8.59
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wWhen comparisons between the means of each treatment were considered in
terms of Dunn's c-procedure, the values shown in Table 13 were obtained:

Table 13. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results

ul = plII Group Group II 3.20
TR = pnlIII Group Group IIT 1.82
I rIV Group = Group IV 1.%7
Rl = VvV Group = Group V 3.33
Wl = uVl Group Group VI 1.37
Kl = uWVII Group Group VII 2,28
LI MVIII Group = Group VIII 0.43
nl = pIX Group = Group IX 2.68
uwIl MITI Group Group III 1.39
m1I nIV Group = Group IV 1.13
Il = pv Group = Group V 0.27
pII = pvl Group = Group VI 1.87
pII = pVII G-oup = Group 0.90
nwII = pVIIZ Grcup = Group 2.79
pII = pIX Group = Group 0.47
RIIT = plv Group = Group 0.21
RIIT = pv Group = Group 1.60
LIIX nVI Group = Group 0.47
RIIT = pVII Group = Group 0.48
wWIII = pVIII Group = Group 1.40
pwIII = pIX Group Group 0.90
RIV. = pv Group = Group 1.35
pIV. = pvl Group = Group 0.67
nIV pVII Group Group 0.25
wIV RVIIT Group = Group 1.56
puIlv = pIx Group = Group 0.66
TAY = pVI Croup = Group 2.06
nv = pVII Group = Group 1.13
nv RVITI Group Group 2.9
TAY = pIX Group Group 0.71
TATAN LVII Group VI = Group 0.9
uVI = pVIII Group VI = Group 0.93
TATAN pIX Group VI Group IX 1.37
HVIT = uVIII Group VII = Group 1.86
HVII = uIX Group VII Group IX 0.42
HRVIII = pIX Group VIII = Group IX 2.27

The Roman numerals are not subscripted because of the space limit.




Comparison of the Ninth Grade
Treatment Groups on the Terminology Test

The test on the effect of the nine treatment groups, via covariarnce,
exceedad the critical value of a 0.01 level test (F=4.48). The F-ratio
provides a t..: of the nuil hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

(See Tables 14 and 15)

H : = = = = = = = =
o MM 1T v Ry VT PYIT PVIIT X

Table 14. Analysis of Variance and Covariance of the Terminology Test
Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Sum of Mean Sum of Mean
D.F. Squares Square F .F. Squares Square F

Variance

Amor 3

Groups 343.87 42.98 3.78%* 342.28 42.78 4.48%%
Within
Groups 7 J7 3043.67 11.36 2536.82 9.54

Total 275 3387.53 2879.10

**Significant at the 0.01 level.

Table 15. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Terminvlogy Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Adjusted

42
.75
.56
.50
.07
.97
.35
.56
.70
.16

.73
.81
.34
.69
.10
.94
.22
.65
43

Oral Presen-ation (Group I) .77
Abstract Line (B & W; Group II) .12
Abstract Line (Color; Group III) .07
Detailed, Shaded Drawing (B & W; Group 1V) 45
Detailed, Shaded Drawing (Color; Group V) .3
Heart Model (B & W; Group VI) .08
Heart Model (Color; Group VII) 14
Realistic Photographic (B & W; Group VIII) 14

N U1~ Oy W 00 O N W

Realistic Photographic (Color; Group IX) .51

<N N U N YO 0y W

Grand Mean




When comparisons between the mcans of each treatment were considered in
terms of Dunn's c-procedure, the values shown in Table 16 were obtained:

Table 16. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results c

= Group II .67
= Group ITI .78
< Group IV
< Group V
Group VI
= Group VII
Group VIII
= Group IX
= Group LIl
= Group IV
Group V
Group VI
Group
= Group
Group IX

LIT Group
BwIIT Group
= pIV Group
= WV Group 4
= MVI Group 1
= pViII Group 1
RVIII Group 0

= pIX Group 2
nIIT Group 1
nIv Group 1
A Group ]
nVI Group 1

= uVII Group 0
RVIIT Group 2

K 1X Group . 0
Group = Group IV 2

Group * Group V 3

Group = Group VI 0

Group Group 1
Group = Group 0.
1

0

2

1

3

1

2

2

4

2

0

1

0

2

C

2

O e I e T o T e T o Y o N o R

= HHH A
HHH HH H H

Group = Group IX
RIV = Croup = Group V
VERY = I Group = Group VI
pIVv = Group Group
THAY = M Group . Group
nIV = Group = Group
A" = ' Group Group
AY) = Grouvn = Group
A} = ] Group > Group
A = Group = Group
pVI = i Group = Group
nVI = Group = Group
VATAN = Group = Group
pVII Group = Croup
nVII Group = Group
pVIII Group = Group

3
QSignificant at the 0.05 level.
Lt it

Significant at the 0.0l level.

The Roman numerals are not subscripted because of the space limit.
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Compariscn of the Ninth Grade
Treatment Groups on the Comprehension Test

When the nine groups were compared on the basis of analysis or
covariance on scores obtained on the Comprehension Test, an I-value of
2.12, which is significant at che 0.05 level of confidence, was obtained.
The F-ratio provides a test of the null hypothesis after the criterion
data have been adjusted for the :inear trend on the covariate. Hence,
the data contradicted the gemeral null hypothesis:

(See Tables 17 and 18)

H . = = = = = = = =
o MMM H v Py Ry Mvir Pviir Vi

Table 17. is of Variance and Covariance of the Comprehension Test

or the Nine TIreatment Groups.

Original Analysiz Adjusted Analysis
Sum of Mean Sum of Mean
Squares Square F . Squares Square

Variance

Among
Groups 181.17 22 .65 145.32 18.17 2.12%

Within
Groups 267  2450.30 J.14 2276 .80 8.56

Total 275  2631.47 2422.12

*Significant at the 0.05 level.

Table 18. Standard Deviations and Adjusted Mean Scores for Fach Treat-
ment Group on the Comprehension Test.

Total Mean Me1n
Test Score Test Score
Treatment s.d. Original Adjusted

Oral Presentation (Group I) .10 9.64 9.83
Abstract Line (B & W; Group II) .55 11.81 11.85
Abstract Line (Color; Group III) .35 10.97 10.83
De-ailed, Shaded Drawing (B & W; Group IV) .66 9.43 9.54
Detailed, Shaded Drawing (Color; Group V) .60 11.37 11.37

Heart Model (R & W; Group VI) .84 10.79 19.77
Heart Model (Color; Group VII) .23 11.00 10.92

Realistic Photographic (B & W; Group VIII) .54 10.41 10.46
Realistic Photographic (Color; Group IX) .81 11.87 11.70
Grand Mean 10.381




When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 19 were obtained:

Table 19. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results c
pl = plIl Group I = Group II 2.74
pl = nIII Group 1 = Group III 1.36
pl = plv Group 1 = Group IV 0.38
ul = uv Group 1 = Group V 2.00
pl = pVI Group 1 = Group VI 1.28
pI = uVII Group 1 = Group VII 1.47
pI = pVIII Group I = Group VIII 0.85
pl = pIX Group 1 = Group IX 2.50
pII = uIII Group II = Group III 1.39
pII = pIv Group II = Group IV 3.05
nwII = pv Group II = Group V 0.63
pII = pvI Group II = Group V1 1.49
uIT = pVII Group II = Group VIIL 1.26
pII = pVIII Group II = Group VIII 1.90
pII = pIX Group II = Group IX 0.20
RIII = pIv Group III = Group 1V 1.70
pIII = pv Group III = Group V 0.71
pIII = pvi Group III = Group VI 0.08
RIII = pVII Group III = Group VII 0.12
pIII = pVIII Group III = Group VIII 0.51
RIII = pIX Group III = Group IX 1.17
pIV. = uv Group IV = Group V 2.32
pIVv. = pVI Group IV = Group VI 1.64
IV = pviZz Group IV = Group VII 1.81
wIVv = pVIII Group IV = Group VIII 1.22
pIv = pIX Group IV = Group IX 2.81
pv = puvl Grcup V = Group VI , 0.79
Vv = WVII Grour V = Group VII 0.58
AY = uVIII Group V = Group VIII 1.19
Y = pIX Group V = Group IX 0.43
pVI = pVII Group VI = Group VII 0.20
uVI = pVIIIL Group VI = Group VIiI 0.43
pVI = pIX Group VI = Group IX 1.26
MVII = pVIII Group VII = Group VIII 0.62
pVII = pIX Group VIT = Group IX 1.04
RVIII = nIX Group VII1 = Group IX 1.67

The Roman numerals are not subscripted because of the space limit.




Comparison of the Tenth Grade
Treatment Groups on the Total Criterion Test

The test on the effect of the nine treatment groups, via covariance,
exceaded the critical wvalue of a 0.01 level test (¥=11.23). The F-ratio
provides a test of the null hypothesis after the criterion data have
been ad justed for the linear trend on the covariate. Hence, the data

contradict the general null hypothesis:

. = _— = - = = —_— ot \
H sk oty Myr My PyrrPox  (See Tables 20 and 21)

Table 20. Analysis of Variance and Covariance of the Immediate Total
Criterion Test Scores for the Nine Treatment Groups.

-

Original Analysis Adjusted Analysis

Varianc: Sum of Mean Sum of Mean

ance p.F. Squares Square F D.F. Squares Square r
Among
Groups 8 10741.82 1342.73 10.006%* 8 9819.14 1227.39 11.73%%
Within
Groups 243  32438.99 133.40 242 24284.08  100.35

Total 251 43180.81 250 34103.22

Sefe

"“Significant at the 0.0l level.
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When the
terms of

T A ) e A,

A NG
W " o vt 2

adjusted means of the nine treatment groups were considered in
Dunn's c-procedure, the values shown in Table 22 were obtained:

Tabie 22. Analysis of Adjusted Mean Scores for Each Treatment Group.
Null Hypotheses Statistical Results c

M I = plIl Group I < Group II 6 .14%%
121 = plIII Group I < Group III 5.11%%
I = IV Group 1 = Group IV 2.35
NI = uv Group 1L & Group V 7 .44%%
Bl = pVI Group I = Group VI 0.83
pI = pVII Group 1 = Group VII 2.01
I = WVIII Group I = Group VIII 2.7G
pI = pIX Group I = Group IX 1.81
wIT = plIIl Group II = Group III 1.21
RII = pIV Group JI > Group IV 3.63%
pII = uv Group II = Group V 0.8%
wII = pVI Group II = Group VI 5.06%%
pII = pVII Group II > Group YII 4 .22%%
uII = pVIII Group II > Group VIII 3.47%
uII = pIX Group II > Group K b4 4 5%%
WITI = pIV Group 1II = Group IV 2.55
pIII = uv Group III = Group V 2.18
NIII = pvI Group III > Group VI 4 .03%*
MIIT = pVII Group III = Group VII 3.12
wIII = pVIII G: oup III = Group VIII 2.35
wIII = pIX Group III = Group IX 3.35
pIV = uv Group IV < Group V 4 . 70%%
wIV = uVI Group IV = Group VI 1.44
pIV = pVII Group IV = Group VII 0.43
wIV = pVIII Group IV = Group VIII 0.26
wIVv = pIX Group IV = Group IX 0.54
ny = wVI Group V > Group VI 6.21%x
nv = uVII Group V > Group VII 5.39%%*
AV = uVIII Group V > Group VIII 4 . 57%%
uV = nIX Group V > Group IX 5.64%%
MVI = pVII Group VI = Group VII 1.97
MVI = wVIII Group VI = Group VIII 1.75
pvI = pIX Group VI = Group IX 0.88
MVII = pVIII Group VII = Group VIII 0 72
MVII = pIX Group VII = Group IX 0.21
MVIII = pIX Group VIII = Group IX 0.93

%

Yok

NSignificant at the 0.05 level.

Significant at the 0.01 level.

The Roman numerals are not subscripted because of space limit.
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Compavison of the Tenth Grade

;;>? Treatment Groups on the Drawing Test
_: i The test on the effect of the nine treatment groups,via covariance,
‘::(" oyceeded the crirical value of a 0.01 level test (F=12.75). The F-ratio
o provides a test of the null hypothesis after the criterion data have
| -y been adjusted for the linear trend on the covariate. Hence, the data
) contradict the general null hypothesis:
g "'l'j H M = = = = = = = =
e o PR Ry Ry R T Ry Tty (See Tables 23 and 24)
é,s Tabie 23. Analysis of Variance and Covariance of the Drawing Test Scores
L for the Nine Treatment Groups.
Original Analysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F
. Among
s Groups 8 1664.32 208.04 11.71%% 8 1577.42 197.18 12.75%*
- Within
'J{ Groups 243  4315.90 17.76 242 3743.46 15.47
Total 251 5980.22 250 5320.88

——r g -

PRS- ot

""Significant at the 0.0l level.

~ ole 24. Stundard Deviations and Adjusted Mean Scores for Each Treat-
ment Group in the Drawing Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Adjusted
Oral Presentation (Group I) 3.70 5.16 5.44
Abstract Line (B & W; Group II) 3.60 14.83 14 .44
Abstract Line (Color; Group III) 5.04 10.43 10.30
Detailed, Shaded Drawing (B & W; Group IV)  3.92 9.92 8.45
Detailed, Shaded Drawing (Color; Group V) 4.50 12.10 12.63
Heart Model (B & W; Group VI) 2.72 8.28 8.20
Heart Model (Color; Group VII) 3.55 9.07 9.38
Realistic Photographic (B & W; Group VIII) 5.47 8.79 9.28
Realistic Photographic (Color; Group IX) 4.54 7.61 7.74
Grand Mean 9.44
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c- procedure, the values shown in Table 25 were obtained:

Table 25. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses tatistical Results c

MY = ulI Group 1 < Group Il 8.42%%
nI = pnIII Group I < Group 1II 4, 74%%
nl = nIv Group 1 = Group IV 2.85
nI = uv Group 1 < jroup V 7. 14%%
nI = uvI Group I = Group VI 2.61
nI = uVII Group I < Group V1L 3.91%%*
nI = uVIII Group 1 < Group VIII 3.74%
nl = uIX Group I = Group IX 2.30
wII = pIlI Group II > Group III 3.78%
wII = pIV Group II > Group IV 5.33%%*
wII = pv Group II = Group V 1.68
wII = pVI Group II > Group VI 5.55%%
wII = pVII Group II > Group VII 4, 70%%*
WII = pVIIL Group II  .»> Group VIII 4, 72%%
uII = uIX Group II > Group IX 6.27%%
wWIII = uJV Group III = Group IV 1.71
nIII = pv Group III = Group V 2.25
pIII = uVI Group III = Group VI 1.9
wIII = pVII Group III = Group VII 0.89
nIII = uVIII Group III = Group VIII 0.97
wIiII = pIX Group III = Group IX 2.50
uIVv. = v Group IV < Group V 3.92%
nWIV = pVvl Group IV = Group VI 0.22
wIv = uVIL Group IV = Group VII 0.87
wWIV = uVIII Greup IV = Group VIII 0.77
nIv = pIX Group IV = Group IX G.67
A = pVI Group V > Grecup VI 4 . 16%%*
YA = uV1l Group V = Group VII 3.20
R = WVIIL Group V = Group VIII 3.24
TAY = ulIX Group V > Group IX 4 .85%%
MV = uVII Group VI = Group VII 1.11
uvl = pVIIL Group VI = Greup VIII 1.00
MVI = pIX Croup VI = Group IX 0.44
uwVII = pVIIIL Group VII = Group VIII 0.10
uVII = pIX Group VII = Group IX 1.63
MVIII = pIX Group VIII = Group IX 1.50

WSignificant at the 0.05 level.
**Significant at the 0.01 level.

The Roman numerals are not subscripted because of space limit.
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Comparison of the Tenth Grade
Treatment Groups on ti.. Idenctification Test

The test on the effect of the nine treatment groups,via covariance,

L I S TR SR S B KT P 1 = i
exceededa ithe Critida.r varue cf a 0.01 leyel tegst (F-S.SO)- The F-ratio

orovides a test of the null hypothesis after the criterion cata have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:
* = = = =3 = = = = 1 7
Hoth =iy My iy ™y iy i (See Tabtes 26 and 27)

Table 26. Analysis of Variance and Covariance of the Identification Test
Scores for the Nine Treatment Croups.

Original Analysis Adjusted Analysis
Sum of Mean Sum of Mean

Variance D.F. Squares Square F D.F. Squares Sguare F
Among

Groups 8 712.19 89.02 5.52%% 8 585.90  73.24 5.50%%
Within

Groups 243 3916.81 16.12 242 3223.82 13.32

Total 251 4629.00 250 3809.72

ko

Significant at the 0.01 level.

Table 27. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Identification Test.

Total Mean Mean
Test Score Test Score

Treatment s.d. Original Ad justed
Oral Presentation (Group I) 2.62 6.71 7.01
Abstract Line (B & W; Group II) 4 .26 12.08 11.65
Abstract Line (Color; Group III) 5.11 10.07 9.93
Detailed, Shaded Drawing (B & W; Group IV) 4.24 11.68 10.06
Detailed, Shaded Drawing (Color; Group V) 3.85 11.90 12.4¢8
Heart Model (B & W; Giroup VI) 3.82 9.48 9.39
Heart Model (Color; Group ViI) 3.33 9.87 10.22
Realistic Photographic (B & W; Group VIII) 5.12 8.82 9.36
Realistic Photographic (Color; Group IX) 3.40 8.68 8.82

Gran¢ Mean 9.83
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 28 were obtained:

Table 28. A-alysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results c
pl = pIl Group I < Group II 4, 68%%
nI = pIII Group 1 = Group III 3.07
nI = IV Group I = Group IV 3.11
nI = uv Group I < Group V 5.85%%
nI . WVI Group I = Group VI 2.43
nI = uVII Group I < Group VII 3.43%
nI = uVIII Group I = Group VIII 2.47
nI = pnIX Group I = Group IX 1.95
pII = pIII Groun II = Group IIX 1.69
* } pII = pIV Group II = Group IV 1.52
. pII = pv Group II = CGroup V 0.33
= BnIIT = uVl Group II = Group VI 2.17
wIT = wviI Group II = Group ViJ 1.43
] nII = uVIII Group II = Group VIIL 2.26
& e plI = pIX Group II = Group IX 2.85
S pIfl = pIv Group III = Group IV 0.13
*T'” LIII = pv Group III = Group V 2.66
e nIil = pvI Group III = Group VI 0.54
N L1TT = wVII Group ILI = Group VII 0.30
L LIII = uVIII Group III = Group VIII 0.58
O pIII = pIX Group III = Group IX 1.17
] pnIv. = uv Group IV = Group V 2.45
y LIV = uVI Group IV = Grewp VI 0.65
o nIv = pvil Group IV = Group VII 0.16
pIV = pVILI Group IV = Group VIII 0.70
. pIv = pIX Group IV = Group IX 1.26
u,; TAY) = uVI Group V = Group VI 3.13
Y = pVil Group V = Group VII 2.40
s wv = uVIIL Group V = Group VIII 3.25
o Y = pIX Group V > Group IX 3.92%%
L pVvl = pVII Group VI = Group VII .84
N MVI = pVIIT Group VI = Group VIII 0.03
o uVI = piX Group VI = Group IX 0.58
Lol o) pVII = pVIII Group VII = Group VIII 0.90
c pVIT = pIX Group VII = Group IX 1.50
- pVIIT = pIX Group VIII = Group IX 0.57
o . hSignificant at the 0.05 level.
; E **Significant at the 0.01 level.
P ‘ The Roman numerals are not subscripted because of space limit.
i
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Ccmparison of the Tenth Grade
Treatment Groups on the Terminology Test

The test on the effect of the nine treatment groups,via Cc.Var.ance,
excocded the critical value of a 0.01 level test (F=7.00). The F-iztio
provides a test of the null hypothesis after the criterion data uave
been adjusted for the linear trend on the covariate. Hence, the data
contracted the general null hypothesis:

H bkt Ry iy vty byiir Hox (See Tables 29 and 30)

Table 29. Analysis of Variance and Covariance of the Terminology Test
Scores for the Nine Treatment Groups.

Original Ana.ysis Adjusted Analysis
Sum of Mean Sum of Mean
D.F. Squares Square F F. Squares Square F

Variance

Among
Groups 657,26 82.16 7.41%%* 504.71 63.09  7.00%%*

Within
Groups 243 2695.68 11.09 2180.62 9.01

Total 251 3352.9%4 2685.33

7‘r'm’rf'Significar\t: at the 0.01 level.

Table 30. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Terminology Test.

Total Mean Mean
Test Score Test Score
Treatment s.d, Original Adjusted

(@)

.16
.80
.38
.45
.90
.56
.57
.00
.99

.90
.17
.50
.84
.40
.64

.04
.25
.15
.97
.15
.80
.43 .27
Vs .54
Realistic Photographic (Color; Group IX) .86 .87

Grand Mean .52

Oral Presentetion (Group I)

Abstract Line (B & W; Group II)

Abstract Line (Color; Group III)

Detailed, Shaded Drawing (B & W; Group V)
Detailed, Shaded Drawing (Color; Group V)
Heart Model (R & W; Group VI)

Heart Model (Color; Group VI)

Realistic Photographic (B & W; Grcup VIII)
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When the adjusted means of the nine treatment groubs were considered in
terms of Dunn's c-procedure, the values shown in Table 31 were obtained:

mable 31. Analysis of Adjusted Mean Scores for Each Treatment Group.

p—

Null Hypotheses Statistical Results c

ul = MII Group I = Group II z2.01
ul = uill Group I < Group III 4, 11%%
I = uIv Group 1 = Group IV 2.84
pnl = uv Group I < Group V 4 ,87%%
pul = uVI Group 1 = Group VI 0.50
nI = uVII Group 1 = Group VII 1.83
ul = uVIII Group I = Group VIII 0.20
nI = pIX Group 1 = Group IX 0.22
uII = plIlIl Croup I = Group III 1.89
uII = plIv roup II = Group IV 0.76
uII = uv Group II = Group V 2.55
uIT = uvl Group II = Group VI 1.45
LII = pVII Group II = Group VII 0.28
pII = pvill Group II = Group VIII 2.16
RIT = pIX Greup II = Group IX 2.22
wIII = plIv Group III = Group IV 1.13
uIII = v Group III = Group V 0.66
MIITI = pVI Group III = Group VI 3.41
MTII = pVII Group III = Group VII 2.29
uIII = pVITI Group III > Group VIII G.zl%
uIII = pIX Group III » Group IX 4.33%
uIv. = uv Group IV = Group V i.78
uwIv = pvl Group IV = Group VI 2.22
uIV = pvil Group 1V = Group VIT 1.08
uIV = pVIII Group IV = Group VIII 2.97
pIVv = pIX Group IV = Gvoup IX 3.95
NAY) = uVl Group V > Group VI 4.11%%
nv = puVIIL Croup V = Group VII 3.01
Y = uVIIL Group V > Group VIII 4 Q4%
uv = wIX Group V > Group IX 5.09%%
uvI = pvII Group VI = Group VII 1.24
uVI = pVIII Group VI = Group VIII 0.68
uvIl = piX Group VI = Group IX 0.71
uVII = uVIII Group VII = Group VIII 1.99
uVII = pIX Group VII = Group IX 2.06
MVIII = pIX Group VIII = Group IX 0.01

wSignificant at the 0.05 level.

W

Significant at the 0.0l level.

The Roman numerals are not subscripted because of space limit.




Comparison of the Tenth Grade
Treatment Groups on the Comprehension Test

e, e ot

The test on the effect of the nine treatment groups,via covariance,
exceeded the critical value of a 0.01 level test (F=17.6S). The F-ratio
provides a test of the null hypothesis after the criterion ¢ata have |
been adjusted for the linear trend on the covariate. Hence the data
contradict the general nuall hypothesis:

a0 L A0 A Al B A % B A 9 4 (See Tables 32 and 33)

Table 32. Analysis of Variance and Covariance of the Comprehension Test |

Scoree for the Mine Treatment Groups.
Original Analysis Acd justed Analysis
Variance Sum of Mean Sum of Mean
= D.F. Squares Square F D.F. Squares Square F
Among
Grcups 8 1091.87 136.48 13.13%% 8 1181.69 147.71 17.69%%*
Within
Groups 243  2525.11 10.39 249 2020.13 8.35
Total 251 3616.99 0 3201.82
L* -
"“Significant at the 0.01 level.

Table 33. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Comprehension Test.

! Total Mean Mean
Test Score Test Score

§ _ Treatment 5.d. Original Adjusted
Oral Presentation (Group I) 2.39 9.77 10.03
Abstract Line (B & W; Group II) 3.62 12.42 12.05
Abstract Line (Color; Group III) 4.43 12.21 12.09
Detailed, Shaded Drawing (B & W; Group IV) 3.69 9.32 7.94
Detailed, Shaded Drawing (Color; Group V) 3.49 12.50 13.00
Heart Model (B & W; Group VI) 2.33 6.88 6.80
Heart Model (Color; Group VII) 2.36 6.57 6.86
Realistic Photrgraphic (B & W; Gropu VIII) 2.92 10.79 11.25
Realistic Photographi. {Color; Group IX) 3.26 10.13 10.25

Grand Mean 19:06 %
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 34 were obtained:

Table 34. Analysis of Adjastod Mean Scores for Each Treatment Group.
y 3

Null Hypotaeses Statistical Results

= Group II
= Group III
= Group 1V
< Group V
< Group VI
< Group VII
= Group VIII
: Group IX
Group III
Group 1V
Group V
Group VI
Group

ni nII Group
L = uI11 Toup
nI = uIv Group
nl nv Group
RI = uVI Group
pl uWVII Gxroup
BRI = uVIII Group
Ml nIX Group
nIT HITIT Group
MIT nIV Group
NTI IAY Group
uIT pvI Group
pIl MVII Group
KII HVIII Group Group
HIT Group Group IX
RIIT = Group Group 1V
RIIT = Group Group V
LIIT = Group Group VI
MITT Group Group
RITT Group Group
MIIT Group Group IX
NIV Group Group V
KLIV Group Group VI
MIV Group

HIV Group

piIv. = Group IX
TA) Group Vi
YA'4 Group

TAY) = Group

[FAf = Group IX
PVl = Group VI

uVI Group VI

MVI Group VI IX
HVII = Group VII <« Group
nVII Group VII < Group IX
MVILITI = Group VIII = Group IX

::HHHHHHHH

ot O B B B
ot I o T o O o B

=
-

H-‘-\Ul-‘-\U!O(»Nm\INJ-\HHO\NHG\O\HmNHO\O\HJ\OOHPPPNNN

*Significant at the 0.05 level.
**Significant at the 0.01 level.

The Roma- numerals are not suuscripted because of space limit.




Comparison of the Eleventh Grade
Treatment Groups on the Total Criterion Test

The tecst on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.0l level test (F=4 .40) . The F-ratio
provi.es a test of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict thu general null hypothesis: '

Btk gy H oty Py Py Mvinn T Ix (See Tables 35 and 36)

Table 35. Analysis of Variance and Covariance of the Tmmediate Total
Criterion Test Scores for the Nine Treatment Groups.

Original Analysis Ad:.zged Analysis
Sum of Mean Sum o1 Mean
D.F. Squares Square F D.F. Squares Square F

Variance

Among
Groups 8 5807.47 725.93 4.79%% 8 4092.25 511.53 4.40%*

Within
Groups 255 3&633.08 151.50 254 29501.12 115.15

Total 263 44440.55 262 33593.37

*

%
Significant at the 0.01 level.
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 37 were obtaited:

tavle 37. Analysis of Adjustad Mean Scores for Each Treatment Zroup.

Null Hypotheses Statistical Results

MI - RII Group < Group 1II
MI MIII Group | Group III
pI nIV Group Group 1V
MI [TAY Group Group V

MI = uVI Group Group VI
pI = uVII G.oup Group VII
MBI = uVIII Group Group VIII
Ml = pIX Group Group IX
MpII RIIT Group Croup III
MII IV Group = Group IV
MII [TAY4 Group = Group V
MII [TRTAN Group = Group VI
MII MVII Group = Group VII
pII MVIII Group Grcup VIII
MIT pIX Group Group IX
MILT HLIV Group Group 1V
MIII [SAYS Group Group V
MIII VAV Group Group VI
MIII MVII Group = Group VII
MIIX MVIII Group = Group VIII
MIIT MIX Group = Group IX
nIV [TAY Group = Group V
MIV MVI Group . = Group VI
pIV MVILI Group = Group VII
pIV = puVIII Group Group VIII
pIv. = pIX Grcup Group IX
YAV MVI Group = Group VI
nv MVII Group Group VII
uv MVIII Group Group VIII
nv = pIX Group Group IX
MVI = pVII Group = Group VII
uvI pVIII Group = Group VIII
uvI MIX Group = Group IX
MVII = uVIII Group = Group VIII
MVII = pIX Group = Group IX
MVIII = pIX Group = Group IX

nA LA

A

([ B I
i onon

o

COFPFHEFNOFEFHEFNWOOOHFEMFEFOFENOHRFRFOMMNOFEFONWNRE S WSS

%
Significant at the 0.05 level.
**Significant at the 0.0l level.

The Romaa numerals are not subscripted because of space limit.




Comparison of the Elevsnth Grade
Treatment Groups on the Drawing Test

7“he test on the effect of the nine treatment groups, via cevariance,
cx eded the critical value of a 0.01 level test (F=3.75). The F-ratio
provides a test of the null hypothesis after the criterion data have
been adjusted fer the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

M = = =3 = = = = = ¢ i
Hy =i i iy vty Py hyirr hx (oee Tables 38 and 39)

Table 38. Analysis of Variance and Covariance of the Drawing Test Scores
for the Nine Treatment Groups.

Original Analysis Adjusted Analysis

Var ance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F
Among
Groups 8 774.74  96.84 3.99%% 8 638.29 79.79 3.75%%
Among
Groups 255 6186.25  24.26 254  5398.83 21.26
Total 263 6960.99 262 6037.12

**Signifiant at the 0.0l level.

Table 39. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Drawing Test.

-

Total Mean Mean
Test Score Test Scure

Treatment s.d. Original Adjusted
Oral Presentation (Group I) 3.18 4.26 4.77
Abstract Line (B & W; Group II) 8.75 10.38 106.36
Abstract Line (Color; Group III) 3.80 9.0¢ 9.48
Detailed, Shaded Drawing (B & W; Group IV) 3.80 8.31 7.92
Detailed, Shaded Drawing (Color; Group V) 4.87 9.42 8.96
Heart Model (B & W; Group VI) 3.99 7.07 6.87
Heart Model {(Color; Group VII) 4.40 8.95 8.44
Realistic Photographic (B & W; Group VIII) 4.56 7.61 7.39
Realistic Photographic (Color; Group IX) 4.11 7.26 8.17

Grand Meau 8.00
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 40 were obtained:

Table 40. Analysis of Adjusted Mean Scores for Each Treatment Group .

Statistical Kesults c

Group
Group
Group

Group II
Group III
Group IV
Group Group V
Group Group VI
Group = Group V1I
Group = Group VIII
Group = Group IX
Group = Group III
Group Group IV
Group Group V
Group Group VI
Group Group
= Group = Group
= BIX Group = Group IX
Group Group 1V
Y Group = Group V
= uVI Group = Group VI
MVIT Group Group
MVIII Group Group
= pnIX Group = Group IX
pIV = puv Group = Group V
pIV nVI Group Group VI
pIV MVII Group 1 = Group
pIv = uWVIII (roup = Group
pIV nIX Group Group
[SRY) nVI Group = Group
A% MVII Graoup = Gronup
AY MVIIT Group Group
[SAY) pIX Group = Group
pVI MVII Group Group
uVI MVIII Group = Group
pvr = pIX Group Group
MVII = pVIII Group Group
MVTI = pIX Group = Group
pVIII = pIX Group = Group

A IAA

*Significant at the 0.05 level.
ek
’ Significart at the 0.0l level.

The Roman rumerals are not subscripted because of space limit.




Comparison of the Eleventh Grade
Treatment Groups on the Identification Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical vaiue of a 0.01 level test (F=4.81) . The F-ratio
provides a test of the null hypothesis after the criterion data have
beer. adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

Bt ooty g iy gty it (See Tables 41 and 42)

Table 41. Analysis of Variance and Covariance of the Identification Tast
Scores for the Nine Treatment Groups.

—

Original Analysis Adjusted Analysis
Sum of Mean Sum of Mean
D.F. Squares Square F .F. Squares

Variance

Among

Groups 645.16  80.65 573.84
Within

Groups 255 4153.84 16.29 5784.01

Total 263 4799.00 4357.85

**Significant at the .01 level.

Table 42. Standard Deviations and Adjusted Mean Scores for Each Treat-
rment Group on the Identification Test.

Total Mean Mean
Test Score Test Score

Treatment Original Adjusted

2]

6.06
9.91
.29
.03
.73
.13
.95
91
Realistic Photographic (Color; Group IX) .70
Grand Mean 91

(o))

42
.90
.62
77
41
.00
.60
.76
.33

Oral Presentation {(Group I)

Abstract Line (B & W; Group II)

Abstract Line (Color; Group III)

Detailed, Shaded Drawing {B & W; Group 1)
Detailed, Shaded Drawing (Color; Group V)
Heart Model (B & W; Group VI)

Heart Model (Color; Group VII)

Realistic Photographic (B & W; Group VIII)
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When the adjusted means of the nine treatment groups were coi.sidered in
terms of Dunn's c-procedure, the values shown in Table 43 were obtained:

Table 43. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results c
Bl = nIX Group I < Group II 3.58%
nI = WIII Grouo I = Group III 3.05
nI = uIV Group I = Group IV 1.39
nI = WV Group I < Group V 5. 17%%
NI = uVI Group I = Group VI 1.60
rI = uVIT Group 1 = Group VII 1.10
nl = uVIII Group I < Group VIII 3.46%
nI = uIX Group I = Group IX 2.86
pII = pIII Group II = Group III 0.27
MII = pIV Group IT = Group IV 2.21
.. KII =V Group II = Group V 1.58
MII = uvI ‘Group II = Group VI 1.%4
nII = pVIiI Group IT = Group VII 2.15
nII = WVIII Group II = Group VIII 0.15
pII = pIX Group II = Group IX 0.57
MIII = pIV Group III = Group IV 1.77
MIIT = uv Group III = Group V 1.73
uwIII = pvl Group II1 = Group VI 1.53
MIII = pVII Group III = Group ViI 1.77
uIIl = pVIII Group III = Group VIII 0.14
MIII = pIX Group III = Croup IX 0.27
nIV = pv Group IV < Group V 3.80%
nIV. = uvl Group IV = Group VI 0.23
nIv = pVII Group IV = Group VII 0.16
MIV = pVIII Group IV = Group VIII 2.08
;i nIV = pIX Group IV = Group IX 1.55
i wv = vl Group V > Group VI 3.50%
uv = uVII Group V > Group VII 3.59%
- nv = WVIII Group V = Group VIIL 1.74
* VAV = pIX Group V = Group IX 2.08
» WwI = VIl Group VI = Group VII 0.37
WVI = uVIII Group VI = Group VIIT 1.81
: uvl = pIX Group VI = Group IX 1.30
MVII = pVIII Group VII = Group VIII 2.03
uVIl = pIX Group VII = Group IX 1.56
MVIII = pIX Group VIII = Group IX 0.43
*Significant at the 0.05 lewvel.
**Significant at the 0.01 level.
The Roman numerals are pot subscripted because of space limit.




Comparison of the Eleventh Grade
Treatment Groups on the Terminolcgy Test

The F-ratio does not exceed the critical value required for a 0.05
level test. Thus the null hypothesis cannot be rejected. Further
analysis among the various group means was not justified:

T T T . Mo (See Tables 44 and 45)

Table 44. Analysis of Variance and Covariance of the Terminology Test
Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Sum of Mean Sum of Mean
D.F. Squares Square F . Squares Square

Variance

Among
Groups 230.67 28.83 2.17% 109.46 13.68 1.29

Within
Groups 255 3383.66 13.27 2697.23 10.62
Total 263 3414.33 2806.69

*Significant at the 0,05 level.

Table 45. Standard Deviasticns and Adjusted Mcun Scores for Each Treat-
ment Group on the Terminology Test.

Total Mean Mean
Test Score Test Score
Treatment .d. Original Adjusted

.61 6.09
44 43
.54 .99
.50 14
.15 .72
.82
.39
J11
.07

Oral Presentation (Group I)

Abstract Line (B & W; Oroup II)

Abstract L.ne (Color; Group III)

Detailed, Shaded Drawing (B & W; Group IV)

Detailed, Shaded Drawing (Color; Group V)
Heart Model (B & W; Group VI)

Heart Model {Color; Group VII)

Realistic Photographic (B & W; (roup VIII)
Realistic Photographic (Color: Group IX)

NN 0N N 000N Y

Grand Mean




Comparison of the Eleventh Grade
Treatment Groups on the Comprehension Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.01 level test (F=4.97) . The F-ratio
provides a test of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

Bty b Ry Py Ryt vty (See Tables 46 and 47)
Table 46. Analysis of Variance and Covariance of the Comprehension Test
Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F
Among _
Groups 8 552.52 60.07 6.42%% 8 334.15 41.77 4.97%%
Within
Groups 255 2742 .63 16.76 254 2134.29 8.40
Total 263 3295.15 262 2468 .44

**Significant at the 0,01 level.

Table 47. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Comprehension Test.

Total Mean Mean
Test Score Test Score

Treatment s.d. Original Adjusted
Oral Presentation (Group I) 2.15 9.03 9.48
Abstract Line (B & W; Group I1I) 3.56 11.59 11.59
Abstract Line {Color; Group III) 3.26 10.92 11.33
Detailed, Shaded Drawing (B & W; Group IV) 3.95 11.56 11.22
Detailed, Shaded Drawing (Color; Group V) 3.07 11.88 11.47
Heart Model (B & W; Group VI) 3.20 5.93 9.76
ileart Model (Colcr; Group VII) 3.47 10.86 10.41
Realistic Photographic (B & W; Group VIII) 3.82 11.55 11.36
Realistic Photographic (Color; Group IX) 2.51 7.19 7.99

G.and Mean 10.56
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When the adjusted means of che nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 48 were obtained:

Table 48. Analysis of Adjusted Mean Scores for Each Treatment Group.

Nuil Hypotheses Statistical Results c

nI = pnIl Group I = Group II 2.89
nI = pIII Group I = Group III 2.35
nI = uIV Group I = Group IV 2.38
Ml = uv Group I = Group V 2.75
nI = uvIl Group I = Group VI 0.38
Ml = uVII Group 1 = Group VII 1.15
I = uVIII Group X = Group VIII 2.59
kI = nIX Group 1 = Group IX 1,95
WII = pill Group II = Group III 0.33
MII = plV Group II = Group IV 0.51
LII = uVv Group II = Group V 0.17
nII = vl Group II = Group VI 2.48
411 = pVIX Group II = Group VII 1.47
wWII = uVIII Group II = Group VILII 0.32
pII =X Group II > Group IX 4., 75%%
nIII = plv Group III = Group IV 0.14
nI1T = uv Group III = Group V 0.18
MIII = uVI Group 1II = Group VI 1.98
WIITI = uVII Group III = Group VIL 1.08

; MIII = pVIII Group III = Group VIII 0.04
LWIITI = pIX Greup III > Group IX 4,11%%
LIV = uVv Group IV = Group V 0.35
nIVv = uvi Group IV = Group VI 1.98 |
LIV = uVII Group IV = Group VII 1.01
MIV = pVIII Group IV = Group VIII 0.19
My = pIX Group 1V > Group IX 4 .26%%
puVv = uvI Group V = Group VI 2.34
TAY = uVII Group V = Group VII 1.33
VAY = uWVIII Group V = Group VIII 0.15
VAY = nIX Group V > Group 1X 4.63%*%
MVI = uVII Group VI = Group VIIL 0.80
uVI = pVIII Group VI = Group VIII 2.19
uVI = uwIX Group VI = Group IX 2.30
MVII = pVIII Group VII = Group VIII 1.19
MWVII = pIX Group VII = Group IX 2,91
MVIII = pIX Group VIII = Group IX 4 4 8%% |

Eixis
Significant at the 0.01 level.

The Roman numerals are not subscripted because of space limit.

55




Comparison of the Twelfth Grade
Treatment G-oups on the Total Criterion Test

The test on the effect of the nine treatment groups. vis covariance,
exceeded the critizal value of a 0.01 lavsl ifest (F=7.86). The F-ratio
provides a test of the null hypocnesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

! Bty M iy P by Pynir iy (See Tables 49 and 50)

Table 49. Analysis of Variance and Covariance of the Immediate Total
Criterion Test Scores for the Nine Treatment Groups.

Original Analysis 'Adiusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F

Among

Groups 8 5190.40 738.80 4.19%% 8 7908.85 988.61 7.86%%
Within

Groups 253 44642.99 176.45 252 31997.52 126.97

Total 261 50553.39 260 399206.37

KxSignificant at the 0.01 level.
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When the ad‘isted means of the nine treatment groups were considered in
torme of _unn's c-procedure, the values shcum in Table 51 were obtained:

T-ole 51. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results c

nI = nlIl Group I = Group II 0.77
pI = uIIl Group I = Group III 0.19
Rl = LIV Group 1 = Greup 1V 3.26
nI = uV Group 1 < Group V 5.99%
pnI = uvI Group I = Group VI 2.94
pnI = wVII Group I = Group VII 1.82
pl = uVIII Group 1 = Group VIII 1.48
nI = pIX Group I = Group IX 2.18
pnII = plIil Group II = Group III 0.65
pII = pIv Group II = Group IV 2.77
pII = uv Group II < Group V 5.83%%
pil = VI Group II = Group VI 2.42
MIT = WVII Group II = Group VII 1.16
uII = pVIII Group II = Group VIII 0.79
pII = pIX Group II = Group IX 1.62
WIII = IV Group III < Group IV 3.48%
HIII = uV Group III < Group V 6.52%%
pIIT = pvl Group III = Group VI 3.12
MwIIT = uVIl Group III = Group VII 1.83
uIII = pVIII Group 111 = Group VIIL 1.45
HIII = pIX Group III = Group IX 2.21
wiv. = uv Group IV < Group V 3.37%
pIv = uvl Group IV = Group VI 0.36
pIV = uVII Group IV = Group VII 1.57
pwIV = pVIil Group IV = Group VIII 1.91
pIVv = ulX Group IV = Group IX 0.73
uv = uVl Group V > Group VI 3.69%
wv = uVII Group V > Group VII 4 .72%%
WA = uWVIII Group V > Group VIII 4 .99%%
TAY4 = pIX Group V > Group IX 3.53%
VI = pVII Group VI = Group VII 1.22
uvi = pVIIL Group VI = Group VIII 1.57
pvi = pIX Group VI = Group IX 0.43
WVII = pVIIL Group VII = Group VIII 0.35
puvII = pIX Group VII = Group iX 0.61
MVIII = pIX Group VIII = Group IX 0.91

*Significant at the 0.05 level.
%%
Significant at the 0.01 level.

The Roman numerals are not subscripted because of space limit.
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Comparison of the Twelfth Grade
Treatment Groups on the Drawing Test

The F-ratio does not exceed the critical value required Ioi ine
0.05 Jevel test. Thus the null hypothesis cannot be rejected. Further
analysis among the various group means was not justified:

. = = =| = == = = = I'e hleac
Hotho=H ™ rr ity iy tyr My Pyrr Pax (088 Tables 52 and 53)

Table 52. Analysis of Variance and Covariance of the Drawing Test Scores
for the Nine Treatment Groups.

Original Analysis Adjusted Arialysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F
Among
Groups 8 273.20 34.15 1.85 8 224 .45 28.06 1.85
Within
Groups 253 4660.30 18.42 252  3827.37 15.19
Total 261  4933.50 260 4051.81

Total 53. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Drawing Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Ad justed
Oral Presentation (Group I) 4.15 9.40 9.70
Abstract Line (B & W; Group II) 4.31 11.63 11.13
Abstract Line (Color; Group TII) 3.71 12.00 10.73
Detailed, Shaded Drawing (B & W; Group IV) 4.63 11.59 11.82
Detailed, Shaded Drawing (Color; Group V) 3.91 12.76 13.29
Heart Model (B & W; Group VI) 3.70 11.17 11.98
Heart Model (Color; Group VII) 4.17 10.77 11.14
Realistic Photographic (B & W; Group VIII) 5.36 10.76 11.05
Realistic Photographic (Color; Group IX) 4 .57 13.89 12.62
Grand Mean 11.53
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Comparison of the Twelfth Grace
Treatment Groups on the Identification Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.01 level test (F=4.92). The F-ratio
provides a test of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

ely_= = = =t] = = = = 'See Tah
e 50 L At et % a2 3 At > S S Tables 54 and 55)

s.-.‘,“’.‘mi‘ Pii‘m“'”i"”ﬁ L3 e;ai ' s “ % ’ vx I

Table 54. Analysis of Variance and Covariance of the Identification Test

Scores for the Nine Treatment Groups. i

Original Analysis Adjusted Analysis ;

Variance Sum of Mean Sum of Mean :

D.F. Squares Square F D.F. Squares Square F -

Among ;;

Groups 8 405.66 50.71 2.83%% 8 572.54  71.57 4.92%% 3

Within 1
Groups 253 4538.35 17.9% 252  3669.51  14.56

Total 261 4944.01 260 4242 .05

**Significant at the 0.01 level.

Table 55. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Identification Test.

Total Mean Mean
Test Score Test Score

Treatment s.d. Original Adjusted
Oral Presentation (Group I) 3.57 9.40 9.72
Abstract Line (B & W; Group II) 4.22 9.93 Q.41
Abstract Line (Color; Group III) 3.87 10.13 8.79
Detailed, Shaded Drawing (B & W; Group IV) 4.72 11.68 11.91
Detailed, Shaded Drawing (Color; Group V) 3.87 13.10 13.66
Heart Model (B & W; Group VI) 3.67 11.47 12.32
Heart Model (Color; Group VII) 4.98 10.65 11.03
Realistic Photographic (B & W; Group VILI) 4.26 9.55 9.8% |
Realistic Photographic (Color; Group IX) 4.67 12.95 11.61

Grand Mean 10.98
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When the adjusted means of the nine treatment groups were comsideied in
terms of Dunn's c-procedure, the values shown in Table 56 were obtained:

Table 56. Analysis of Adjusted Mean Scures

Null Hypotheses Statistical

pI
ML
ML
NI
pI
NI
NI
NI
LIT
MLI
KII
MII
MII
MIT
MII
MIII
MIIT
MIII
MIIT
MIIT
MIII
MIV
LIV
MIV

MnIX Group
nIII Group
nIV Group
puv Group
uVI Sroup
wVII Group
MVIII Group
BIX Group
MIIL Group
pIV Group
AY Group
nVI Group
pVII Group
MVIII Group I
pIX Group
WHIV Group
uv Group
ATAN Group
pVII Group
LVIII Group
pIX Group
AV Group
uvI Group
uVIL Group
pIv MVIII Group
LIV pIX Group
uv = pVI Group
A nVIL Group
A MVIII Group
uv L IX Group
uVI uVII Group
uVI MVIII Group
MVI pIX Group
MVIL MVIII Group
MVII pIX Group
MVIII = pIX Group

nmn
E\:mm

JoBon

*

WO OMOTURNELOWDN

NS00 WLWLEN O

WHEOMHMWEPEMNDOMRO 2ANWNOO

o
v

O ONMEWN

nmn n i

*
Significant at the 0.05 level.

ok
*"Significant at the 0.0l level.

The Roman numerals are not subscripted because of space limit.




Comparison of the Twelfth Grade
Treatment Groups on the Terminology Test

ml, A

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.01 level test (F=8.82). The F-ratio
provides a test of the null hypothesis aifter the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

R L % WL 5 S ALt A4 A0 9 1 AL (See Tables 57 and 58)

Table 57. Analysis of Variance and Covariance of the Terminology Test
Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Variance Sum of Mean Sum of M
D.F. Squares Square F D.F. Squares Square F

Among

Groups 8 852.76 106.60 5.13%% 8 1120.11 141.26 8.82%%
Within

Groups 253 5252.66 20.76 252 4037.86 16.02

Total 261 6105.42 260 5167.97

**gignificant at the 0.0l level.

Table 58. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Terminology Test.

Total Mean Mean
Test Score Test Score |
Treatment s.d. Original Adjusted :
Oral Presentation (Group I) 3.80 7.50 7.89 §
Abstract Line (B & W; Group II) 4.62 9.30 8.65 |
Abstract Line (Color; Group III) 4 .40 9.45 7.80
Detailed, Shaded Drawing (B & W; Group IV) 5.18 10.97 11.27
Detailed, Shaded Drawing (Color; Group V) 3.84 14 .66 15.35 E
Heart Model (B & W; Group VI) 4.38 9.61 10.66
Heart Model (Color; Group VII) 4.40 9.39 9.87
Realistic Photograph (B & W; Group VIII) 4.74 10.24 10.62
Realistic Photograph (Color; Group IX) 5.40 11.68 10.03
Grand Mean 10.34
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When the adjusted means of the nine treatment groups were consiacred in :
terms of Dunn's c-procedura, the values shown in Table 59 were obtawmred:

Table 59. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results c

nI = WI1 Group I = Group II 0.66
nI = pIXI Group I = Group III 0.08
R = pIv Group 1 = Group IV 3.04
pI = puv Group I < Gronp V 6.41%%
nI = uVI Group I = Group VI 2,48
nI = WVII Group 1 = Group VII 1.72
nl = WVIII Group I = Group VIII 2.35
nI = pIX Group I = Group IX 1.67
nIl = WIII Group II = Group III 0.83
pII = pIv Group II = Group IV 2.66
HII = uv Group II < Group V 6 .43%%
nII = pvl Group II = Group VI 2.03
nII = pVII Group II = Group VII 1.19
pII = pVIII Group II = Group VIII 1.89
nII = pIX Group II = Group IX 1.18
MIII = pIv Group III < Group IV 3.56%
RIII =V Group III <& Group V 7.30%%
WIII = pVI Group III = Group VI 2.92
(. III = pVII Group III = Group VII 2.04
UIII = pVIII Group III = Group VIII 2.73
RIII = pIX Group III = Group IX +1.91
nIV. = pv Group IV <L Group V 4, 11%%
ulv = pvl Group IV = Group VI 0.65
pIV = pVII Group IV = Group VII 1.44
uwIv = pVIII Group IV = Group VIII 0.65
pIV = pIX Group IV = Group IX 1.10
uv = puVI Group V > Group VI 4 .70%%
puv = uVII Group V > Group VII 5.30%%
uv = uWVIII Group V > Group VIII 4 .50%%
wv = pnIX Group V > Group IX 4 .50%%
mnVvI = pVII Group VI = Group VII 0.81
uvl = pVIII Group VI = Group VIII 0.04
nvi = pIx Group VI = Group IX 0.56
MVII = uVIII Group VII = Group VIII 0.73
uvII = pIX Group VII = Group IX 0.14
RVIII = pIX Group VIII = Group IX 0.50
*Significant at the 0.05 level.
**Significant at the 0.01 level.
The Roman numerals are not subscripted because of space limit.
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Comparison of the Twelfth Grade
Treatment Groups on the Comprehension Test

The test on the effect of the nine treatment groups, via covariance,
cxcocded the critical value of 3 0.01 level test (F=5.56). The F-ratio
provides a test of the null hyp thesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data

contradict the general null hypothesis:
. = = = =] = = = = (¢ 1
Hott =iy iy My My Pyvnir o (See Tabies 60 and 61)

Table 60. Analysis of Variance and Covariance of the Comprehension Test
Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Sum of M Sum of Mean
D.F. Squares Square F .F. S8quares Square F

Variance

Among
Groups 416.12 52.02 4.51%%* 429.75 53.72 5.56%%

Within -
Groups 253 2920.57 11.54 2434 .48 9.66

Total 261 3336.69 2864.23 *

**gignificant at the 0,01 level.

Total 61. Standard Deviations and Adjustel Mean Scores for Each Treat-
ment Group on the Comprehension Test.

Total Mean Mean
Test Score Test Score
Original Adjusted

2]

Treatment

10.85 11.06
12.60 12.26
12.74 11.87
13.76 13.91
15.52 15.88
12.72 13.28
12.13 12.38
11.93 12.13
Realistic Photograph (Color; Group IV) 13.58 12.70
Grand Mean 12.93

Oral Presentation {(Group I)

Abstract Line (B & W; Group II)

Abstract Line (Color; Group III)

Detailed, Shaded Drawing (B & W; Group IV)
Detailed, Shaded Drawing (Color; Group V)
Heart Model (B & W; Group VI)

Heart Model (Color; Group VII)

Realistic Photograph (B & W; Group VIIX)

w W W Ww w N W N
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown on Table 62 were obtained:

Table 62. Analysis of Adjusted Mean Scores for Each Treatment Grecup.

Null Hypotheses Statistical Results c

pl MII Group = Group II .34
pnl = pIII Group = Group III1 91
pnl LIV Group Group 1V .30
I TAY Group Group V

pnl = pvIl Group Group VI .56
ul = puVII Group Group 48
pI = pVIII Group = Group .18
pi = uIX Group = Group IX .65
pII pIII Group : Group 49
wIl = plv Group Group IV .16
MwII YAY Group Group V
pII uvI Group Group VI
_II = pVII Group Group

wII = pVIII Group Group

pII = nIX Group Group IX
RIIT Group Group 1V
RIII = Group Group V
RIII = W Group Group VI
pIII = Group = Group VII
pIII = Group Group VIIIL
nITT i Group = Group X

pIV Group Group V 9

2

4
1.33
0
0
0
Z
4
1
0
0
0
2

TRAY Group Group VI 0.37
2
2
1
3
4
4
3
1
1
0
0
0
0

.15
.16

48
70

s/ v

.85
.65
.32
.92

nIv = Group Group VII .02
TRAY = W\ Group = Group VIII .31
wIV Group Group IX .38
YAY Group Group VI

Y Group Group VII

A" Group Group VIII

IAY = Group Group IX

rVI Group Group VII

KLVI Group = Group VIII

nVI Group = Group IX

RVII = Group = Group VIII

pPvII = pl Group Arcup IX

RVIII = Group Group IX

*Significant at the 0.05 level.

¥

xSignificant at the 0.01 level.

The Reman numerals are not subscripted because of space limit.




B. Delayed Retention Analysis

Introduction

The number of students who participated in the immediate retention
testing was 1,054. The number of students involved in the delayed
retention testing was 1,000 ; this reduction was caused by student
absenteeism (see Tables 63, 64, 65 and 66).

An analysis of covariance was conducted on the data obtained

from the delayed retention tests with the immediate retention test
scores being used as the adjusting variable. This technique eliminates
the differences among groups due to treatment effects, and renders them
relatively equivalent in terms of retention. The variable affecting
the delayed retenticn test scores would then be the amount of time
between the immediate and delayed retention test. This technique was
used to determine whether significant differences in retention occurred
in the time lapse between the immediate and delayed testing sessions.

The Pearson r between the immediate total retention test scores
and the delayed total retention test scores for the ninth, tenth,
eleventh, and twelfth grades was .85, .86, .85 and .85 respectively.
These correlations ar. significantly different 7 -om zero at the
0.0%L level.

Tabie 63. Assignment of Ninth Grade Students Available for the Delayed
Retention Testing.

Male Female Total

Oral Presentation: Group 1 14 17 31
Abstract Line (B & W): Group II 17 14 31
Abstract Line (Color): Group III 16 14 30
Detailed, Shaded Drawing (B & W): Group IV 12 16 28
Detailed, Shaded Drawing (Color): Group V 12 13 25
Heart Model (B & W): Group VI 17 14 31
Heart Model (Color): Group VIIL 14 15 29
Realistic Photographic (B & W): Group VIII 16 17 33
Realistic Photographic (Color}: Group IX 16 13 29

———_— ——— ———

Total




Table 64. Assignment of Tenth Grade Students Available for the Delayed
Retention Testing.

Male Female Total

Oral Presentation: Group I 18 13 31
Abstract Line (B & W): Group II 9 13 22
Abstract Line {(Color): Group 1II 16 11 27
Detailed, Shaded Drawing (B & W): Group IV 11 10 21
Detailed, Shaded Drawing (Color): Group V 14 14 28
Heart Mudel (B & W): Group VI 14 9 23
Heart Model (Color): Group VII 25
Realistic Photographic (B & W): Group VIII 27
Realistic Photographic (Color): Group IX 30

Total

Table 65. Acsignment of Eleventh Grade Students Available for the
Delayed Retention Testing.

-

Male Female Total

Oral Presentation: Greup 1 17 14 31
Abstract Line (B & W): Group II 19 12 31
Abstract Line (Color): Group III 9 13 22
Detailed, Shezded Drawing (B & W): Group IV 18 10 28
Detailed, ihaded Drawing (Color): Group V 14 32
Heart Mcdel (B & W,: Croup VI ) 9 28
Heart Model (Color): Group VII 22
Realistic PlL.tographic (B & W): Group VIII 33
Realistic Photographic (Color): Group IX 1 25

am————

Total




Table 66. Assignment of Twelfth GCrade Students Available for the

Iialayed Retention Testing.

Male Femaie Total

Oral Presencation: Group I 4 14 18
Abstract Line (B & W): Group II 12 14 27
Abstract Line (Colox): Group iII 18 10 28
Detailed, Shaded Drawing (B & W): sroup IV 17 19 36
Detailed, Shaded Drawing (Coloxr): Growp V 13 1€ 26
Heart Model (B & W): Grovp VI 20 14 54
Heart Model (Color): Group VII 23 7 30
Realistic Photographic (B & W;: Group VIIL 16 28
Realistic Photographic (Color): Group IX 1 10 17
Total 134 113 247

68

- -wwi Lt i\ . ﬂﬁ in,;in



Delayed Testing

Comparison of the Ninth Grade Treatment Groups
on the Delayed Total Criterion Retention Test

The F-ratio does not exceed the critical value required for a 0.05
level test. Thus the null hypothesis cannot be rejected. Further
analysis among the various group means was not justified.

k4 3 —ii — =t =ty =t =t =t =il (.q T 1
Hy =R pr R oy Py Ry T PYI T PVIIO TR Tables 67 and 68)

Table 67. Anaiysis of Variance and Covariance of the Total Criterion
Test Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Varisace Sum of Mean Sum of Mean ;
= D.F. Squares Square F D.F. Squares Square F %
Among }
Groups 8 4679.56 584.94 3.86%%* 8 557.00 69.63 1.53
Within
Groups 258 39125.13 151.65 257 11726.99 45.63
Total 266 43804.71 265 12283.99

ke
778ignificant at the 0.01 level.
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Comparison of the Ninth Grade Treatment Groups
on the Delayed Retention Drawing Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.05 level test (F=2.32) . The F-ratio
provides a test of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general nuvll hypothesis:

Hothy=Hyp M ppr oy Py Py Pvir PVIIn T IX (See Tables 69 and 70)

Table 69. Analysis of Variance and Covariance of the Drawing Test Scores

~ 1. o AT L amm Mann o dom
for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F

Among

Grouyps 8 832.50 104.06 5.70%% 8 144.12 18.01 2.32%
Within

Groups 258 4709.15 18.25 257 1992.54 7.75

Total 266 5541.65 265 2136.66

*Significant at the 0.05 level.

**Significant at the 0.01 level.

Table 70. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Drawing Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Ad justed

.56 4.94 7.62
.78 11.45 10.05
Abstract Line (Color; Group III) .23 10.23 10.02
Detailed, Shaded Drawing (B & W; Group IV) 24 8.96 8.76

Oral Presentation (Group I) 2
4
6
4
Detailed, Shaded Drawing (Color; Group V)  5.34 10.16 8.78
3
3
3
A

Abstract Line (B & W; Group II)

Heart Model (B & W; Group VI) .53 9.23 9.79
Heart Model (Color; Group VII) .35 9.31 8.60

Realistic Photographic (B & W; Group VIII) 45 7.97 8.94
Realistic Photographic (Color; Group IX) .78 9.76 8.98
Grand Mean 8,07
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn’s c-procedure, the values shown in Table 71 were obtained:
Table 71. Analysis of Adjusted Mean Scores for Each Treatment Group.
Null Hypotheses Statistical Results c
pI = nIl Group I & Group II 3.44%
pI = nIII Group I < Group III 3.37%
nI nIV Group I = Group IV 1.57
I uV Group I = Group V | 1.55
ul uvI Group 1 = Group VI 3.07
nI MVII Group I = Group VII 1.36
pI = pVIII Group I = Group VIII 1.9¢
pI = nIX Group I = Group IX 1.89
pII = plIII Group II = Group III 0.04
LII = plIv Group IT = Group IV 1.78
pII = v Group II = Group V 1.70
pII = vl Group II = Group VI 0.37
pII = pVII Group II = Group VII 2.02
pII = pVIII Group II = Group VIII 1.59
pII = pIX Group II = Group IX 1.49
LIITI = pIv Group III = Group IV 1.72
pIII = pv Group III = Group V 1.64
LIITI = uVi Group 1II = Group VI 0.32
RIIT = pVII Group III = Group VII 1.96 |
RIITI = pVIII Group IIT = Group VIII 1.54 %
RIIT = pIX Group III = Group IX 1.43
pIv. = v Group IV = Group V 0.03
pIV = pvl Group IV = Group VI 1.42
pIV = pViI Group IV = Group VI 0.22
nIV = pVIII Group IV = Group VIII 0.25
pIv = pIX Group IV = Group IX 0.30
wV = pnVI Group V = Group VI 1.35
1AV = uVII Group V = Group VII 0.24 (
Y = MVIII Group V = Group VIII 0.22 ;
Y = pI¥ Group V = Group IX 0.26 %
MVI = pVII Group VI = Group VII 1.65
pwVvl = pVIII Group VI = Group VIII 1.22 |
VI = pIX Group VI = Group IX 1.13 f
RVII = pVIII Group VII = Group VIII 0.48 !
wVIT = pIX Group VII = Group IX 0.52 |
uVIIi = pIX Group VIII = Group IX 0.06 3

%
7Signiticant at the 0.05 level.

The Roman numerals are not subscripted because of space limit.

72




Comparison of the Ninth Grade Treatment Groups
on the Delayed Retention Identification Test

The F-ratio does not exceed the critical value required for a
0.05 level test. Thus the null hypothesis cannot be rejected. Further
analysis among the various group means was not justified:

H ik =iy ety r o oy iy ™y Py T PyT T M Ix (Sze Tables 72 and 73)

Table 72. Analysis of Variance and Covariance of the Identification Test
Scores for the Nine Treatment Groups.

Original Analysis Ad justed Analysis
Sum of Mean F Sum of Mean

D.F. Squares Square D.F. Squares Square

Variance

Amorg
Groups 302.89 37.86 2.57% 62.18 7.77

Within
Groups 258 3796.60 14.72 257 2158.62 8.40

Total 266 409%2.49 265 2220.80

xSignificant at the 0.05 level.

Table 73. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Identification Test.

Total Mean
s.d. Test Score Test Score
Treatment Original Adjusted

O

.18
.04
.50
.70
12
.67
.79
.54
.01

.45 7.10
.52 10.13
.29 7.67
.07 .86
.59 .20
.37 .23
.74 .34
.09 .79
Realistic Photographic (Color; Group IX) 14 .62

Grand Mean .72

Oral Presentation (Group I)

Abstract Line (B & W; Group II)

Abstract Line (Color; Group III)

Detailed, Shaded Drawing (B & W; Group IV)
Detailed, Shaded Drawing (Color; Group V)
Heart Model (B & W; Group VI)

Heart Model (Color; Group VII)

Realistic Photographic (B & W; Group VIII)
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Comparison of the Ninth Grade Treatment Groups
on the Delayed Retention Terminology Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.05 level test (F=2.25). The F-ratio
provides a test of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

Hot i i v Pyr Py Pty (See Table 74 and 75)

Table 74. Analysis of Variance and Covariance of the Terminology Test
Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F

Among

Groups 8 233.35 29.17 2.14% 8 101.66 12.71 2.25%
Within

Groups 258 3523.33 13.66 257 1455.33 5.66

Total 266 3756.68 265 1556.99

e
?Significant at the 0.05 level.

Table 75. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Terminology Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Adjusted
Oral Presentation (Group I) 2.94 5.39 7.73
Abstract Line (B & W; Group II) 4.23 7.9 6.71
Abstract Line (Color; Group IIT) 3.81 7.40 7.22
Detailed, Shaded Drawing (B & W; Group IV) 3.75 7.96 7.79
Detailed, Shaded Drawing (Colur; Group V) 3.95 7.°8 6.68
Heart Model (B & W; Group VI) 3.67 8..0 8.59
Heart Model .. ior; Group VII) 3.19 7.41 6.79
Realistic Photographic (B & W; Group VIII) 3.18 5.21 6.76
Realistic Photographic (Color; Group IX) 4,39 7.62 6.94
Grand Mean 7.25
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 76 were obtained:

Table 76. Analysis of Adjusted Mean Scores for FEach Treatment Group.

=3 Null Hypotheses Statistical Results c
RI = nIx Group 1 = Group 1I 1.69
nI = nIIX Group I = Sroup IIT 0.84
pI = pIv Group I = Group 1V 0.10
e pl = puv Group I = Group V 1.63
B nI = pvI Group I = Group VI 1.42
L nl = VIl Group I = Group VII 1.53
s nl = PVIII Group I = Group VIII 1.63
tf I = pIX Group I = Group IX 1.29
e nII = pIII Group II = Group III 0.84
NS pII = pIv Group II = Group IV 1.74
—3 RII = uv Group II = Group V 0.03
RES pII = pvI Group II = Group VI 3.11
“31 pII = uViI Group II = Group VII 0.13
-4 pII = pvIII Group II = Group VIII 0.08
i E pII = pIX Group II = Group IX 0.37
N pIIT = plv Group IIT = Group IV 0.91
- . LWIII = pv Group III = Group V 0.82
-~ pIII = uvi Group III = Group VI 2.25
3 WIIT = VIl Group III = Group VII 0.69
4 pIII = pVIII Group III = Group VIII 0.77
?“gi uIll = pIX Group III = Group IX 0.45
* . pIv. = uv Group IV = Group V 1.68
N puIv = pvI Group IV = Group VI 1.29
S pIV = pVII Group IV = Group VII 1.59
i pIv = uVIIX Group IV = Group VIII 1.69
T2 8 uIv = pIX Group IV = Group IX 1.35
; uv = uVl Group V = Group VI 2.97
. W = uV1II Group V = Group VII J.15
- g wV o = uVIII Group V. = Group VIII 0.11
féi A = uIX Group Y = Group IX 0.39
] wI = uviI Group VI = Group VII 2.93
<y pvI = pVIII Group VI = Group VIII 3.08
§4¢ uVI = MIX Group VI = Group IX 2.68
. pVII = WVIII Group VII = Group VIII 0.05
Vo pvII - pIX Group VII = Group IX 0.24
Ry pVIII = pIX Group VIII = Group IX 0.30

The Roman numerals are not subscripted because of space limit.
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Comparison of the Ninth Grade Treatment Groups
on the Delayed Retention Comprehension Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.05 level test (F=2.48). The F-ratio
provides a tesr of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data

contradict the general null hypothesis:
Ho iy iy by Pyr byt Py (See Tables 77 and 78)

Table 77. Analysis of Variance and Covariance of the Comprehension Test
Scores for the Nine Treatment Groups.

Original Anzlysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F

Among

Groups & 182.05 22.76 2.27% 8 144.71 18.09 2.48%
Within

Groups 258 2590.46 10.04 257 1872.70 7.29

Total 266 2772.51 265 2017.41

*Significant at the 0.05 level.

Table 78. Standard Deviaticns and Adjusted Mean Scores for Each Treat-
ment Group on the Comprehension Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Adjusted
Oral Presentation (Group I) 2.40 6.19 7.58
Abstract Line (B & W; Group II) 4.07 8.00 7.28
Abstract Line (Color; Group III) 3.78 5.83 5.73
Detailed, Shaded Drawing (B & W; Group IV) 1.78 5.71 5.61
Detailed, Shaded Drawing (Color; Group V) 3.60 7.12 6.41
Heart Model (B & W; Group VI) 3.65 7.58 7.87
Heart Model (Color; Group VII) 2.38 7.41 7.05
Realistic Photographic (B & W; Group VIII)  3.20 5.91 6.41
Realistic Photographic (Color; Group IX) 2.84 7.28 6.88
Grand Mean 6.78
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When the adjusted means of the nire treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 79 were obtained:

Table 79. Anaiysis of Adjusted Mean Scores for Each Treatment Group.

Statistical Results c

Group = Group 1l

Group = Group III
Group = Group IV
Group Group V
Group = Group VI
Group = Group VII
Group = Group VIII
Group = Group KX
Group = Group III
Group = Group IV
Group = Group V
Group = Group VI
Group = Group VII
Group Group VIII
Group = Group IX
Group Group 1V
Group = Group V
Group Group VI
Group = Group VII
Group = Group VIII
Group = Group IX

pIV. = Group = Group V

pIV = Group = Group VI

nIV Group = Group

LIV Group = Group

pIV. = Group = Group IX

nv = Group Group VI

nv = Group 3roup

WAY = 7nup = Group

MV Group = Group IX

pvl = Group VI = Group

nVI Group VI = Group

(VAT B Group VI = Group IX

wVIL = Group VII Group

pVII = Group VII = Group IX

pVIIT = Group VIII = Group IX
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Comparison of the Tenth Grade Treatment Groups
on the Delayed Total Criterion Retention Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.01 level test (F=3.27) . The F-ratio
provides a test of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

o = = = = = = = = p S
Ho iy b Ry Py Ry T b R (See Tables 80 and L)

Table 80. Anaivsis of Variauce and Covariance of the Total Criterion
Test Scores for the Nine lreatment Groups.

Original Analysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F
Among
Groups 8 7343.99 918.0C 6.27%* 3 1074 .05 134.26 3.27%%
Within
Groucs 224 32804.50 146.45 223 9154 .87 41.05

Total 232 40148.49 231 10228.92

|€'
" Significant at the 0.0l level.
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 82 were obtained:

Table 82. Analysis of Adjusted Mean Scores for Each Treatment Group.

0

Null Hypotheses Statistical Results

= Group II
Group III
Group IV

= Group

= Group
Croup

T = unII Group
M X HIIT Group
mI uwIv Group
I AT Group
nI uVI Group
T = WVII Group
oI MVITI Group Group
I M IX Group = Group
I nIIT Group = Group
LIT = upIV Group = Group
MIT VAY Group = Group
mII MVI Group = Group
HIL HVII Group Grovp
Il = uWVIII Group Group
MwII HIX Group I. = Group
RIIT = pIV Group = Group
pIIT = uV Group Group
LITIT VAR Group Group
MIIX MVII Group = Group
MITT MVIIT Group = Group
MIIT (L IX Grop = Group
LIV = puv Group Group
wIV. = uvI Group = Group
nIV MYIL Group = Group
wIv MYITI Group = Group
IV =X Group = Group
TAY uVvI Group Group
AY MVIT Group Group
TAY HVIII Group Group
YA K IX Group = Group
VAR MVII Group = Group
HVI HVIIT Group = Group
HVI L IX Group = Group
RpVII MVIEI Group Group
MVIT pIX Group Group
RVIII = piX Group Group
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*Significant at the 0.05 level.

Jeve
7<Significant at the (6.0l lavel.

The Roman numerals are not subscripted because of space limit.




Comparison of the Tenth Grs'e Treatment Groups
on the Delayed Retention Drawing Test

The F-ratio does not exceed the critical value required for a
0.05 level test. Thus the null hypothesis cannot be rejected. Further
analysis among the various group means was not justified:

(See Tables 83 and 84)

Hothp=8 p b M oy My Py T My PVIITTT 1K

Table 83. Analysis of Variance and Covariance of the Drawing Test Scores
for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Sum of Mean Sum of Mean
D.F. Squares Square .F. Squares Square

Variance

Among
Groups 810,39 101.30 . 138.17 17.27

Within
Groups 224  4333.85 19.35 .50
Total 232 5144 .24 y .67

¥*5ignificant at the 0.01 level.

Table 84. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment on the Drawing Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Adjusted

Oral Presentation (Group I) 3.30 4.84 7.43
Abstract Line (B & W; Group II) 5.00 10.67 .94
Abstract Line (Color; Group III) 5.15 8.00
Detailed, Shaded Drawing (B & W; Group Iv) 3.75 8.05
Detailed, Shaded Drawing (Color; Group V) 4.13 10.18
Heart Model (B & W; Group VI) 4.15 .68
Heart Model (Color; Group VII) 3.85 .68
Realistic Photographic (B & W; Group VIiIT) 5.76 .63
Realistic Photographic (Color; Group IX) 4,07
Grand Mean .49




Comparison of the Tenth Grade Treatment Groups
on the Delayed Retention Identification Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.01 level test (F=2.73). The F-ratio
provides a tesi of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

Hoshy=hp ™t oy My Py Py HvIor i (See Tables 85 and 86)

Table 85. Analysis of Variance and Covariance of the Identification Test E
Scores for the Nine Treatment Groups. i

Original Analysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F
Among
Groups 8 604 .69 75.59 4.90%% 8 148.21 18.53 2.73%%
Within
Groups 224 3459.00 15 .44 223 1511.32 6.78
Total 232 4063.69 231 1659.53

**Significant at the 0.0l level. ;

Table 86. Standard Deviations and Ad justed Mean Scores for Each Treat-
ment Group on the Identification Test.

Total. Mean Mean
Test Score Test Score

Treatment s.d. Original Adjusted
Oral Presentation (Group I) 2.89 6.29 8.64
Abstract Line (B & W; Group II) 4.38 10.71 8.25
Abstract Line (Color; Group III) 5.05 9.48 3.18 ;
Detailed, Shaded Drawing (B & W; Group IV)  3.27 11.00 9.60 |
Detailed, Shaded Drawing (Color; Group V) 3.58 10.39 7.90 z
Heart Model (B & W; Group VI) 3.50 3 .64 8.19 %
Heart Mcdel (Color; Group VII) 2.50 9.48 10.67
Realistic Photographic (B & W; Group VIIT) 5.11 8.52 5.22
Realistic Fhotographic (Cclor; Group IX) 4.14 7.81 8.78

Grand Mean 8.81

82




When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 87 were obtained:

Table 87. Analysis of Adjusted Mean Scores for Each Treatment Group.

0O

Null Hypotheses istid Resul ts

= nIl Group IX
= pIIl Group III
= uIV = Group IV
[WAY Group V
= uvl = Group VI
= puVII = Group
= pVIII Group
nIX Group
= nIIl = Group
nIV = Group
[SAY = Group
Y I Group
MVII = Group
MVIII = Group
nIX = Group
= uIV = Group
uwv i = Group
= uVl = Group
HVII Group
MVIII Group
wIX = Group
pIv. = uv Group
pIV VAT = Group
pIV = uVII [ = Group
pIVv. = uVIIL = Group
LIV nIX = Group
TAY YAV Group
TAY) MVII Group
uv = pVIII 3 Group
VA" = uIX ' Group
pvlI MVII Group
pVI = pVIII Group
pVI nIX = Group
pVii = pVIII A Group
HVI1 nIX Group
MVIII B IX = Group
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7"'Significant at the 0.05 level.

'cl
?xSignificant at the 0.01 level.

The Roman numerals are not subscripted because of space limit.




Comparison of the Tenth Grade Treatment Groups
on the Delayed Retention Terminology Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.05 tevel test (F=2.57). The F-ratio
provides a test of the null hypothesis after the criterion Jata have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

Hy b Hp 7 1 P v My M yr PVIT PVIIT T IK (See Tables 88 and 89)

Table 88. Analysis of Variance and Covariance of the Terminology Test
Scores for the Nine Treatment Groups.

Original Analysis Ad justed Analysis

Variance Sum of Mean Sum of Mean l
) D.F. Squaves Square F D.F. Squares Square F

i
Among Z
Groups 8 462.76 57.85 5.31%% 8 110.69 13.84 2.57% ‘
Within |
Groups 224 2438.16 10.89 223 1200.67 5.38

Total 232 2900.92 231 1311.36

3
Significant at the 0.05 level.
3%*Sifc;,nificant at the 0.01 level.

Table 89. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Terminology Test.

Total Mean Mean
Test Score Test Score

Treatment s.d. Original Ad justed
Oral Presentation (Group I) 2.52 5.9 7.81
Abstract Line (B & W; Group II) 3.75 8.67 6.70
Abstract Line (Color; Group III) 4.76 8.19 7.15
Detailed, Shaded Drawing (B & W; Group IV) 3.87 9.71 8 "
Detailed, Shaded Drawing (Color; Group V) 3.13 8.50 ( g
Heart Model (B & W; Group VI) 1.98 5.14 6.38 |
Heart Model (Color; Group VII) 3.71 7.04 7.99
Realistic Photographic (B & W; Group VIII) 2.85 6.59 7.16
Realistic Photographic (Color; Group IX) 2.52 5.84 6.62

Grand Mean 7.20
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 90 were obtained:

Table 90. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results c
nI = pnlII Group I = Group II 1.69
pI = uIII Group I = Group IIIl 1.08 .
pI = IV Group I = Group IV 1.21
pI = uVv Group 1 = Group V 2.13 g
pI = pVI Group 1 = Group VI 2.21 ’
pI = uVII Group I = Group VII 0.29
pI = uVIII Group 1 = Group VIII 1.06
nI = pnIX Group I = Group IX 2.02
uII = piIlIl Group II = Group III 0.67
pII = pIV Group II = Group IV 2.65
pII = uv Group II = Group V 0.27
pII = uVl Group II = Group VI 0.45
uII = pVII Group II = Group VII 1.88
pII = pVIII Group I1 = Group VIII 0.68
pII = pIX Group II = Group IX 0.12
MIII = plIv Group III = Group IV 2.15
pIII = pVv Group III = Group V 1.01
pIIT = uVl Group III = Group VI 1.16
RIII = pVII Group III = Group VII 1.30
pIIT = uVIII Group III = Group VIII 0.02
pIIl = pIX Group III = Group X 0.87
pIv. = pv Group IV = Group V 3.11
pIv. = uv Group IV = Group VI 3.14
piv = pvil Group IV = Group Vil 0.89
uwIv = pVIII Group IV = Group VIII 2.13
IV = ulX Group IV = Group L 3.02
TAY = uVI Group V = Group VI 0.21
nv = uVII Group V = Group VII 2.30
Y = pVIII Group V = Group VIII 1.02
nv = pIX Group V = Group IX 0.17
uvi = uViII Group VI = Group VII 2.37
uvi = pVIII Group VI = Grouap VIII 1.17
uVI = nIX Greup VI = Group IX 0.37
uVII = pVIII Group VII = Group VIII 1.29 |
MVII = pIX Group VII = Group IX 2.20
MVIII = pIX Group VIII = Group IX 0.88

The Roman numerals are not subscripted because of space limit.
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Comparison of the Tenth Grade Treatment Groups
on the Delayed Retention Comprehension Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.05 level test (F=2.56). The F-ratio

srovides a test of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

ot i i oy Py by r My v (See Tables 91 and 92)

Y Table 91. Analysis of Variance and Covariance of the Comprehension Test
. Scores for the Nine Treatment Groups.

. Originel Analysis Adjusted Analysis
i) Variance Sum of Mean Sum of Mean
Eﬁﬁi " D.F. Squares Square F D.F. Squares Square F
.:.‘.:).; ““
. Among
o Groups 8 322.08 40.26 4 .42%% 8 127.20 15.90 2.56%
. Within
| ! Groups 224 2041.81 9.12 223 1386.28 6.22
: Total 232  2363.89 231 1513.48

*Significant at the 0.05 level.
**Significant at the 0.01 level.

Table 92. Standard Deviations and Ad:usted Mean Scores for Each Treat-
ment Group on the Compreherision Test.

Total Mean Mean
Test Score Test Score

Treatment s.d. Original Ad justed
Oral Presentaticn (Group I) 2.09 5.58 6.95 2
Abstract Line (B & W; Group II) 4.08 7.67 6.24
Abstract Line (Color: Group III) 3.81 8.30 7.54 |
| Detailed, Shaded Drawing (B & W; Group IV) 3.17 8.86 8.04 ;
‘ﬁ.‘ Detailed, Shaded Drawing (Color; Group V) 3.13 6.96 5.52
21 1 Heart Model (B & W; Group VI) z2.02 5.55 0.45 i
’:’f Heart Model {Cclor; Group VII) 3.35 6.44 7.13
A Realistic Photographic (B & W; Group VIII) 2.63 6.07 6.48
};fl Realistic Photographic (Color; Group IX) 2.55 5.35 5.92
ﬁ‘é Grand Mean 6.67
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Wien the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 93 were obtained:

T.ble 93. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Statistical Results <

.01
.90
.55
.20
.66
.27

= Group II
Group IIX
Group IV
Group V

= Group VI
Group VII
Group VIII
Group IX
Group III

= Group IV
Group V
Group VI

= Group

nI = plIl Group
nI nIII Group
nI = nIV Group
nI = uv Group
ul = uVl Group
mI MWVII Group
nI WVIIT Group
nI - pIX Group
piI = plIll Group
pII = pIV Groud
MII AY Group
MWIT TATA Group
pwiI = uVIL Group
wII = pVIIL Group Group
uWIT IX Group Group
pIII = plIv Groug = Group
WIII = pv Groutg = Group
RIII = pVvI Groug Group
LIII MVIL Groug Group
pIIl = pVIIL Groug = Group
MIIL HIX Groug Group
uIV wv Croug Group
pIV = puvl Group [~ : Group
nIV nVII Groug Group
nIV MVIII Group = Group
nIV niX Grour Group
uv nVI Grouyp = Group
YAV = MVIL Grouyp = Group
TAY) = WVIII Grouy = Group
VAY nIX Group = Group
nwVI = WVII Group = Group
nVI = WVIII Group = Group
VATAS M IX Group = Group
wWVII MVIII Group = Group
uMVII = pIX Croup = Group
MWVIIL = pIX Group Group

OO MO

.63
.79
34
.00
.33
21
.33
45
.69
.00
Ny
.59
.59

I o B o B o B o B g

bl b=t o
HHHH

- =
o

.04
.23
.15
.01
.37

18

O s

43
.62
.88
.04
.82
.94
.80
.85

i'\J!—'L-Ji\'))-‘NwN!—'OP—'UJOOO}-'OHN!—'H

RN oNeNelolon

e
7Signifi.cant at the 0.05 level.

The Roman numerals are not subscripted because of space limit.




Comparison of the Eleventh Grade Treatment Groups
on the Delayed Total Criterion Retention Test

The F-ratio does not exceed the critical value required for a
0.05 level test. Thus the null hypothesie cannot be rejected. TFurther
analysis among the various group means was not justified:

(See Tables 94 and 95)

H ot MMt oy Py Py PyiT MVIIn CIx

Table 94. Analysis of Variance and Covariance of the Total Criterion
Test Scores for the Nine Treatmant Groups-

Criginal Analysis 4 “justed Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F

Among
Groups 3694.91 461.86 477.08 59.64 1.29

Within
Groups 242 39334.21 162.54 241 11150.68 46 .27
Total 250 43029.12 249 11627.76

wek
3ignificant at the 0.01 level.
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Comparison of the Eleventh Grade Treatment Groups
on the Delayed Retention Drawing Test

The F-ratio does not exceed the critical value required for a
0.05 level test. Thus the null hypothesis cannot be reijected. TFurthew
analysis among the various group means was not justified:
s &2 e S AL AL A S AL'F 35 L (See Tables 96 and 97)

Table 96. Analysis of Variance and Covariance of the Drawing Test Scores
for the Nine Treatment Groups-

Original Analysis Adjusted Analysis
Variance Sum of Mean F Sum of Mean
D.F. Squares Square D.F. Squares Square F

Among

Groups 8 331.93 41.49 2.08% 8 106.76 13.34 1.60
within

Groups 242  4840.10 20.00 241 2013.89 8.36

Total 250 5172.03 249 2120.65

%*
Significant at the 0.05 level.

Table 97. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Drawing Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Adjusted
Oral Presentation (Group I) 2.77 5.13 7.88
Abstract Line (B & W; Group II) 5.77 7.70 6.55
Abstract Line (Color; Group III) 3.62 8.13 7.66
Detailed, Shaded Drawing (B & W; Group ) 3.71 7.00 6.63
Detailed, Shaded Drawing (Color; Group V) 5.31 8.53 6.74
Heart Model (B & W; Group VI) 4.01 5.82 6.73
Heart Model (Color; Group VII) 4.65 5.76 5.65
Realistic Photographic (B & W; Group vViII) 5.14 6.58 5.88
Realistic Photographic (Color; Group IX) 4.07 5.64 6.73
Grand Mean 6.73
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Comparison of the Eleventh Grade Treatment Groups
on the Delayed Retention Identification Test

The F-ratio does not exceed the critical value required for a 0.05
ievel test. Thus the null hypothesis cannct be rejected  Further

analysis among the various group means was not justified:

HyiH i Py iy iy iy Pty (e Tables 98 and 99)

Table 98. Analysis of Variance and Covariance of the Identification
Test Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F ,

Among

Groups 8 414.53 51.82  3.52%% 8 117.13  14.64 1.85

Within

Groups 242 3566.16 1l4.74 241 1903.40 7.90

Total 250 3980.69 249  2020.53
*kSignificant at the 0.01 level.

Table 99. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Identification Test.

Total Mean Mean
Test Score Tast Score _
Treatment s.d, Original Adjusted g
Oral Presentation (Group I) 3.51 5.61 7.73 i
Abstract Line (B & W; Group II) 4.24 8.57 7.69 !
Abstract Line (Color; Group III) 3.55 9.52 9.16 E
Detailed, Shaded Drawing (B & W; Group IV) 4.86 9.18 8.90 i
Detailed, Shaded Drawing (Color; Group V)  4.33 8.94 7.55 |
Heart Mcdel (B & W; Group VI) 2.98 6.86 7.57
Heart Model (Color; Group VII) 2.83 7.33 7.25
Realistic Photograpbic (B & W; Group VIII) 4.07 7.55 7.01
Realistic Photographic (Color; Group IX) 3.22 6.32 7.15
Grand Mean 7.75
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Comparison oi the Eleventh Crade Treatment Groups
n the Delayed Retention Terminology Test

The test on the effect of the nine treatment groups, via covariance,
exceeded the critical value of a 0.05 ievel test (¥=2.15). The F-ratic
provides a test of the null hypothesis after the criterion data have
been adjusted for the linear trend on the covariate. Hence, the data
contradict the general null hypothesis:

Bttty Rty o iy (See Tables 100 and 101)

Table 100. Analysis of Variance and Covariance of the Terminology Test
Scores for the Nine Treatment Groups.

Origzinal Analvysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square r D.F. Squares Square F

Among

Groups 8 288.47 36.06 2.35% 8 116.93 14.62 2.15%
Withip

Groups 242 3718.78 15.37 241 1642 .21 6.81

Total 250 4007.25 249 1759.14

*significant at the 0.05 level.

Table 101. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Terminology Test.

Total Mean Mean
Test Score Test Score
Treatment s.¢. Original Ad justed
Oral Presentation (Group I) 3.26 5.35 7.72
Abstract Line (B & W; Group II) 3.93 6.83 5.85
Abstract Line (Color; Group III) 2.83 6.78 6.38
Detailed, Shaded Drawing (B & W; Group IV) 3.80 8.21 7.90
Dotailed, Shaded Drawing (Cclor; Group V)  4.59 6.66 7.12
Heart Model (R & W; Group VI) 4.33 7.15 7.92
Heart Model (Color; Group VII) L.,14 7.33 7.24
Realistic Photographic (B & W; Group VIII) 4.97 7.67 7.07
Realistic Photographic (Color; Group IX) 1.98 5.48 6.41
Grand Mean 7.08
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When the adjusted means of the nine treatment groups were considered in
terms of Dunn's c-procedure, the values shown in Table 102 were obtained:

Table 102. Analysis of Adjusted Mean Scores for Each Treatment Group.

Null Hypotheses Stat:stical Results c
nI = pnlIi Group 1 = Group II 2.80
nI = pIII Group 1 = Group Iil 1.87
pl = nIV Group I = Group IV 0.26
ul = UV Group 1 = Group V 0.91
pl = uVI Group 1 = Group VI 0.29
nI = puVII Group 1 = Group VII 0.65
I = uVIII Group 1 = Group VIII 1.00
nl = nIX Group I = Group IX 1.87
pIT = uIll Group II = Group III 0.73
pII = ulv Group II = Group IV 2.99
wII = pv Group II = Group V 1.92
nIT = uvl Group II = Group VI 3.02
pII = uVIL Group II = Group VIiI 1.87
ulIl = WVIII Group II = Gioup VIIi 1.85
nIiI =pIX Group II = Group IX 0.79
wIII = plv Group III = Group IV 2.07
wIII = v Group III = Group V 1.04
wIIl = uvl Group III = Group VI 2.10
WIIT = pVIL Group III = Group VIii 1.09
pIII = pVIII Group IITI = Group VIII 0.97
pIII = pIX Group III = Group IX 0.04

| wIVv. = uv Group IV = Group V 1.16
nIv = uvl Group IV = Group Vi 0.03
nIv = pviI Group IV = Group VII 0.88
uwIVv = pVIIL Group IV = Group VIII 1.24
piv = pIX Group IV = Group IX 2.08
Y = pVI Group V = Group VI 1.18
AY = uVIIT Group V = Group VII 0.16
AV = pVIII Group V = Group VIII 0.08
AV = pIX Group V = Group IX 1.02
uwVI = uVI1 Group VI = Group VII 0.90
MVl = pVIII Group VI = Group VIII 1.27
HVI = nIX Group VI = Group IX 2.10
MVII = WVIII Group VII = Group VIII 0.23
MVII = pIX Group VII = Group IX 1.07
MVIII = pIX Group VIII = Group IX 0.95

The Roman numerals are not subscripted because of space limit.
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Comparison of the Eleventh Grade Treatment Groups
on the Delayed Retention Comprehension Test

. STTST————  Sem—— e—— q—

The F-ratio does not exceed the critical valuc for a 0.05 level
test. Thus the null hypothesis cannot be rejected. Further analysis
among the various group means was not justified:

(See Tables 103 and 104)

s Ay Blae ¢ AL A B £ S LA 8 8 Ao

Table 103. Analysis of Variance and Covariance of the Comprehension
Test Scores for the Nine Treatment Groups.
Original Analysis Adjusted Analysis
Variance Sum of Mean Sum ~f Mean
D.F. Squares Square F D.F. Squares Square F
Anmong
Groups 8 150.66 18.83 1.88 8 34.37 4.30 .62
Within
Groups 242 2421.23 10.01 241 1660.56 6.89
Total 250 2571.89 249

Table 104. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Croup on the Comprehension Test.

Total Mean Mean
Test Score Test Score
Treatmen k£ s.d. Original Adjusted
Oral Presentation (Group I) 2.09 5.61 7.04
Abstract Line (B & W; Group II) 3.88 7.60 7.00
Abstract Line (Color; Group III) 2.35 6.17 5.93
Detailed, 3haded Drawing (B & W; Group Iv) 3.02 6.93 6.74
Detailed, Shaded Drawing (Color: Group V) 3.05 7.59 6.66
Heart Model (B & W; Group VI) 2.87 6.29 6.76
Heart Model (Color; Group VII) 4 .02 6.62 6.56
Realistic Photographic (B & W; Group VIII) 3.88 7.30 6.94
Realistic Photographic (Color; Group IX) 2.68 5.44 6.00
Grand Mean 6.67

9%
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Comparison of the Twelfth Grade Treatment Groups
on the Delaved Retention Total Criterion Test

The F-ratio does not exceed the critical value required for a 0.05
level test. Thus the null hypotheses cannot be rejected. Further
analysis among the various group means was not justified:

H b ity e Ryt o P e Tables 105 and 106)

Table 105. Analysis of Variance and Covariance of the Total Criterion
Test Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis

Variance Sum of Mean F Sum of Mean

D.F. Squares Square D.F. Sgquares Square F
Among
Groups 8 4291.88 536.48 2.77%% 8 341.27 42 .66 .73
Within
Groups 238 46054.77 193.51 237 13924.13 58.75

Total 246 50346.65 245 14265.40

=
77Significant at the 0.01 level.
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Comparison of the Twelfth Grade Treatment Groups
on the Delayed Retention Drawing Test

The F-ratio does not exceed the critical value required for a 0.05
level test. Thus the null hypothesis cannot be rejected. Further
analysis among the various group means was not justified:

= = = )
- Hyrt HyTIT Moy (See Tables 107 and 108)

Table 107. Analysis of Variance and Covariance of the Drawing Test
Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Sum of Mean Sum of Mean
D.F. Squares Square .F. Squares Square

Variance

Among
Groups 257.19  32.15 1.50 69.09 8.64 .81

Within
Groups 5107.49 21.46 2533.69 10.69

Total 5364 .68 2602.78

Table 108. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Drawing Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Adjusted

Oral Presentation (Group I) .67 8.44 10.59
Abstract Line (B & W; Group II) .65 8.55 3.90
Abstracc Line (Color; Group III) .56 9.57 10.04
Detailed, Shaded Drawing (B & W; Group 1V) .32 10.19 9.79
Detailed, Shaded Drawing (Color; Group V) .20 11.41 8.83
Heart Model (B & W; Group VI) 14 9.26 9.39
Heart Model (Color; Group VII) .37 8.20 8.81
9
9

Realistic Photographic (B & W; Group VIII) .86 .54 .31
Realistic Photographic (Color; Group IX) .86 .18 .11
Grand Mean .39
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Comparison of the Twelfth Grade Treatment Groups
on the Delayed Retention Identification Test

The F-ratio does not exceed the critical value required for a 0.05
ievel test. Thus the aull hypothesis cannot be rejected. Further
analysis among the various group means was not justified:

. p—i ey = - —_— -_— —— - S 09
H thp=hy o iy iy yir Pyt (See Talbes 109 and 110)

Table 109. Analysis of Variance and Covariance of the Jdentification
Test Scor - for the Nine Treatment Groups.

Original Analysis Ad justed Analysis
Varianc Sum of Mean Sum of Mean
€ D.F. Squares Square F D.F. Squares Square F
Among
Groups 8 105.08 18.76 1.05 8 27 .40 3.43 .37
Within
Groups 238  4244.89 17.84 237 2200.60 9.29

Total 246  4394.97 245  2228.00

Table 110. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Identification Test.

Total Mean Mean
~ Test Score Test Score
Treatment s.d. Original Ad justed
Oral Presentation (Group I) 4.26 8.50 10.41
Abstract Line (B & W; Group II) 5.00 9.70 10.11
Abstract Liae {Color; Group III) 3.61 9.61 10.02
Detailed, Shaded Drawing (B & W; Group IV) 4.86 10.33 9.97
Detailed, Shaded Drawing (Color; Group V)  3.57 11.38 9.07
Heart Model (B3 & W; Group VI) 4 .14 9.74 9.84
Heart Model (Color; Group VII) 3.84 9.40 9.94
Realistic Photographic (B & W; Grcup VIII) 4.18 9.46 10.15
Realistic Photographic {Color; Group IX) 4.23 11.18 10.22
Grand Mean 9.94
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Comparison of the Twelfth Grade Treatment Groups
on tke Delayed Retention Terminology Test

The test on the effect of the nine treatment groups, via covariance,
- exceeded the critical value of a 0.01 Ievel test (F=3.31). The F-ratio
U, provides a test of the null hypothesis after the criterion data have
s been sdjusted for the linear trend on the covariate. Hence, the data
e contradict the general null hypothesis:
. "&’ T — —_ — — P \ '
. Hot o iy by Py bty Py (See Tables 11l and 112, ;
'Lfg Table 111. Analysis of Variance and Covariance of the Terminology Test
o | Scores for the Nine Treatment Groups.
. J Original Analysis Adjusted Analysis
=
Variance Sum of Mean Sum of Mean
* D.F. Squares Square F D.F. Squares Square F
Among
Groups 8 798.76  99.84  5.32%% 8 179.32  22.42 3.31%%
: Within
: Groups 238 4470.66 18.78 237 1605.33 6.77

- Total 246  5269.42 245  1784.65
. **Significant at the 0.0l level.
' ?_ E: 3

y Table 112. S+ .ard Deviations and Adjusted Mean Scores for Each Treat-

= ment Group on the Terminology Test.

Total Mean Mean
Test Score Test Score

Treatment s.d. Original Ad justed ;
‘ ; Oral Presentation (Group I) 4.10 8.78 11.04 E
I Abstract Line (B & W; Group II) 4.71 10.19 10.66 |
\if Abstract Line (Color; Group III) 3.42 8.32 8.81
R Detailed, Shaded Drawing (B & W; Group IV) 5.29 10.58 10.71
b Detailed, Shaded Drawing (Color; Group V) 3.33 14.21 11.47 é
3 Heart Model (B & W; Group VI) 4.20 9.18 9.30
3 Heart Model (Color; Group VII) 3.84 8.40 5.04
‘ Realistic Photographic (B & W; Group VIII) 4.56 8.75 9.56
f; Realistic Photographic (Color; Group IX) 5.19 11.18 10.05
e Grand Mean 9.5
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When the adjusted means of the nine treatment groups were considered in

terms of Dunn's c-procedure, the values shown in Table 113 were obtained:
Table 113. Analysis of Adjusted Mean Scores for Each Treatment Group.
Null Hypotheses Statistical Results c

nl = nIl Group I = Group II 0.48
nI = uIIl Group I = Group III 2.84
nI = pIV Group I = Group IV 0.44
pI = UV Group I = Group V 0.55
nI = uVI Group I = Greoup VI 2.29
nI = uVII Group I = Group VII 2.58
T = WVIII Group I = Group VIII 1.88
MI = pIX Group I = Group IX 1.13
nITI = pIII Group II = Group III 2.64
MII = pIv Group II = Group IV 0.08
nIL = uv Group II = Group V 1.16
MII = uVI Group II = Group VI 2.03 |
MII = pVII Group II = Group VII 2.35 :
nII = pVIII Group II = Group VIII 1.57 §
pII = pIX Group II = Group IX 0.76 :
MIII = pIV Group III = Group IV 2.90
MIIT = v CGroup III < Group V 3.86%
MWIII = pVI Group III = Group VI 0.74
MIII = uVII Group III = Group VII 0.34
MIII = WVIII Group III = Group VIII 1.08
pIII = pIX Group III = Group IX 1.55
nIV = uv Group IV = Group V 1.17
nIV = uvli Group IV = Group VJ 2.27
nIV = pVII Group IV = Group VIIL 2.60
nIV = uVIII Group IV = Group VIII 1.75
wIV = pIX Group IV = Group IX 0.86
AT = pVI Group V > Group VI 3.30%
nv = pVII Group V > Group VII 3.59%
1AV = MVIII Group V = Group VIII 2.77
AV = pIX Group V = Group IX 1.79
uMvI = uVII Group VI = Group VII 0.40
MVI = pVIII Group VI = Group VIII 0.39
MvI = pIX Group VI = Group IX 0.97
MWVIL = pVIII Group VII = Group VIII 0.76
MVII = pIX Group VII = Group IX 1.28
MVIITI = pIX Group VIII = Group IX 0.61

o
’Significant at the 0.05 level.

The Roman numerals are not subscripted because of space limit.
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Comparison of the Twelfth Grade Treatment Groups
on the Delayed Retention Comprehension Test

The F-ratio does not exceed the critical value required for a 0.05
level test. Thue the null hypothesis cannot be rejected. Further
analysis among the variou. group means was not justified:

)

S M o & hat £ A AL A TS B A 8 L b (See Tables 114 and 115)

Table 114. Analysis of Variance and Covariance of the Comprehension
Test Scores for the Nine Treatment Groups.

Original Analysis Adjusted Analysis
Variance Sum of Mean Sum of Mean
D.F. Squares Square F D.F. Squares Square F

Among

Groups 8 241.10 30.14  2.62%%* 8 78.30 9.79 1.29
Within

Groups 238 2733.5¢ 11.49 237 1799.01 7.59

Total 246 2974 .65 245 1877.31

*'
“Significant at the 0.01 level.

Table 115. Standard Deviations and Adjusted Mean Scores for Each Treat-
ment Group on the Comprehension Test.

Total Mean Mean
Test Score Test Score
Treatment s.d. Original Adjusted
Oral Presentation (Group I) 3.11 6.83 8.13
Abstract Line (B & W; oup II) 3.93 8.00 8.27
Abstract Line (Color; Group III) 2.46 9.46 9.75
Detailed, Shaded Drawing (B & W; Group Iv) 3.72 8.83 8.59
Detailed, Shaded Drawing (Color; Group V) 3.29 10.10 8.54
Heart Model (B & W; Group VI) 3.72 8.41 8.48
Heart Model (Color; Group VII) 2.83 7.70 8.07
Realistic Photographic (B & W; Group VILI) 2.57 7.07 7.54
Realistic Photographic (Color; Group IX) 3.39 9.00 8.36
8.43

Grand Mean
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V. SUMMARY, CONCLUSIONS, AND RECCOMMENDATIONS

Statement of the Problem

The purpose of this study was to contribute to the understanding
of the conditions which will increase the probability that the desired
kinds and degrees of learning will occur with specified visual illus-
trations. The study compared the relative effectiveness of 8 types of
visual illustrations used in complementing oral instruction. It also
attempted to determine which illustrated presentations contributed most
highly to the facilitation of specific learning objectives: knowledge
of location, transfer of learning, knowledge of terminology, and
comprehension.

This study also attempted to verify the hypothesis that there does
exist in reality a visual continuum rcpresenting learning effectiveness
which differs substantially from the visual continuum based on existing
realism theories which contend that the higher the degree of similarity
between an object or situation and a visual, the easier it will be for
the student to learn from it. It investigates the possibility of
editing reality for instructional effectiveness.

No study of the same nature was found in the available literature.
However, several studies were located wherein the results contested the
use of the logi.al realism continuum as the continuum representing
learning effectiveness. These studies seem to indicate that increas-
ing abstractness does not mean increased difficulty on the part of the
student in learning specific content. Previous research seems to
indicate that there uay be in existence a totally different continuum--
a visual learning continuum--which would be more useful in predicting
the effectiveness of various pictorial illustrations in specific
learning situations.

The findings outlined in this study indicate that there were
significant differences in achievement by students comprisiung the nine
treatment groups, and also that there were significant differences be-
tween groups in relation to the specific objectives measured on the
immediate and delayed retention criterion tests.

Statement of Hypotheses

Specifically, the following null hypotheses were tested:




There are no differences on the total criterion test in immediate
retention among students receivine oral instruction complemented
by visual illustrations possessing different amounts of realistic
detail.
H : = = = = = = = = i

of By = My T Hpyp T Mgy T Hy T Myr T Mvir T Pviiz T YIX
There are no differences on the four individual criterion tests
in immediate retention among sturdents receiving oral instruction
complemented by visual illustrations possessing different amounts
of realistic detail.

Ho:wp = Hpp = Mppp = Roy = Py T Byr T Pvin T Mvmn TP

There are no differences on the four individual criterion tests
in immediate retention among students receiving black and white
illustrations and those receiving colored #1lustrations in com-
plementing their oral instruction.

H : H :
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There are no differences on the total criterion test in delayed
retention among students receiving oral iastruction complemented
by visual illustrations pnssessing different amounts of realis-
tic detail.

Hyt by = Mpp = Bppp = Pry = By = Pvr © Pviz T Mennn T Mx

There are no differences on the four individual criterion tests
in delayed retention among students receiving oral instruction
complemented by visual jllustrations possessing different amounts
of realistic detail.
H: = = o= 4U_.. = = = . = . = ..

of Bp = Mpp = Hypr = Moy T Py T Hyr T Mynn T Peinn ToRix
There are no differences on the four individual criterion tests
in delayed-retention among students receiving black and white
illustrations and those receiving colored illustrations in
complementing their orel instructZonm.

H : H : H_:

of iy T Prmrd Yot Py of M1 T Myt Bo

=M o Myrrr T Fix

V;
There are no significant differences in the 1_lative effective-
ness of the varisus types of visual jllustrations used tc

complement oral instruction among the grade levels participating
in the study--nintn, tenth, eleventh, and twelfth.




Method of Procedure

The experimental population for this study consisted of 1,054 ninth,
tenth, eleventh, and twelfth grade students from the Sullivan County
High School, Laporte, Pennsylvania, and the Farrell School District,
Farrell, Pennsylvania. Classes of students were randomly assigned to
one of the nine treatment groups.

The experiment was administered in order that the students in each
treatment group would be pretested, witness the presentation, and then
undergo four individual posttests. Each treatment group received a
delayed retention test two weeks after the initial testing session.
Scores on the criterion tests were analyzed in terms of the analysis.
of covariance technique for scores on both the immediate and delayed
retention tests. Comparison among the several means was effected via
Dunn's c-procedure.

Summary of Ninth Grade Analyses:
Immediate Retenticn

on the total criterion test (see Tables 5 and 6), the various slide
sequences facilitated total student learning with differing degrees
of effectiveness. In relation to the promotion of student achieve-
ment on the total criterion test, the test results indicated the
following (see Table 7):

1. The abstract line presentation (b & w), the detailed,
shaded drawing presentation (b & w), the heart model presentation
(color), and the realistic photographic presentation (color) were
more effective chan the oral presentation alone.

2. The oral presentation alone was as effective as the
abstract line presentation (color), detailed, shaded drawing pre-
sentation (color) heart model presentation (b & w), and the
realistic photographic presentation (b & w).

3. The abstract line presentation (color) and the detailed,
shaded drawing presentation (color) were both more effective than
the realisti¢ photographic presentation (b & w).

4. When the black and white and color versions of each visual
presentation were compared in terms of their instructional effective-
ness no significant differences were found.




in relacion to the promotion of student achievement on the drawing
test, the test results indicated the following (see Table 10):

1. The abstract line presentations (b & w and color), the
detailed, shaded drawing presentations (b & w and color), and the
heart model presentation (color) were more effective than the oral
presentction alone.

2. The oral presentation alone was as effective as the heart
model presentation (b & w), and the realistic photographic presenta-
tions (b & w and color).

3. The abstract line presentation (b & w) and the heart model
entation (color) were both more effective than the heart model
presentation (b & w).

onn {color) was more effective
(b & w).

4. The heart model presentati
than the hearc model presentation

In relation te the promotion of student achievement on the identi-
£'cation test, the test results indicated the follcowing (see
Table 13):

1. The oral presentation alone was as effective as each of the
visual presentationms.

2. When the black and white and color versions of each visual
P | PR off iR
£ -

presentation were compared in terms of their instructional eriec
tiveness, no significant differeinces were found.

In relation to the promotion of student achievement on the
terminology test, the test results indicated the following (see
Table 16):

i. The oral presentation alone was found to be equally as
effective as the abstract line presentations (b & w and color),
the heart model presentations (b & w and color), and the realistic
photographic presentations (h & w and color).

2. The detailed, shaded drawing preseatations (b & w and
color) were both more effective than the oral presentatior. alone.

3. The detailed, shaded drawing presentation (color) was more
effective than the abstract line presentation (cec or) -

4. The detailed, shaded drawing presentation (color) was more
effective than tbe rvealistic photographic presentation (b & w).

v G nesR ke sy




the blazlk and white and color versions of each visual
d in terms of their instructional effec-

In relation to the promotion of student achievement on the compre-
hension test, the test results indicated the following (see Table 19)

1. The oral presentation alone was as effective as each of the
visual presentations.

2. When the black and white and color versions of each visual
presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.

Summary of Tenth Grade Analyses:
Immediate Retention

On the total criterion test (see Tables 20 and 21), the various
clide sequences facilitated total student learning with differing
degrees of effectiveness. In relation to the promotion of student
achievement on the total criterion test, the test results indicated
the following (see Table 22):

1. The abstract line presentations (b & w and color) and the
detailed, shaded drawing presentation (color) were more effective
than che oral presentation alone.

2. The oral presentation alone was as effective as the detailed,
shaded drawing presentation (b & vw), the heart model presentations
(b & w and color), and the realistic photographic presentctions
(b & w and color).

3, The abstract line presentation (b & w) was more effective
than the detailed, shaded drawing presentation {b & w), the heart
model presentations (b & w and color) and the reaiistic photo-
graphic presencations (b & w and color) .

4., 171he abstract line presentation (color) was more effective
than the hesrt model presentation (b & w).

5. The detailed, shaded drawing presentation {(color) was more
effective than the detailed, shaded drawing presentation (b & w),
the heart model presentations (b & w and color} and the realistic
photographic presentations (t . w and color).




6. The detailed, shaded drawing
c

effective than the detailed, shaded

In relation to the promotion of student achievement on the drawing
test, the test results indicated the following (see Table 25):

1. The abstract line presentations (b & w and color), the
detailed, shaded drawing presentation (color), the heart model pre-
sentation (color), and the realistic photographic presentation (b &
w) were more effective than the oral presentation alone.

2. The oral presentaticm alone was as effective as the detailed,
chsded drawing presentation (b & w), the heart model presentation
(b & w), and the realistic phoiographic presentaticn (color).

3. The abstract line presentation (b & w) was more effective
than the abstract line presentation (coler), the detailed, shaded
drawing presentation (b & w), the heart model presentations (b & w
and color), and the realistic photographic presentations (b & w and
color) .

4. The detailed, shaded drawing presentation (color) was more
effective than the detailed, shaded drawing presentation (b & w),
the heart model presentation (b & w) and the realistic photographic
presentation (color).

5. The abstract line presentation (b & w) was more effective
than the abstract line presentation (color).

6. The detailed, shaded drawing presentation (color) was more
effective than the detailed, shaded drawing presentation (b & w).

In relation to the promotion of student achievement on the identifi-
cation test, the test results indicated the foliowing (see Table 28) .

1. The abstract line presentation (b & w), the detailed,
shaded drawing presentation (color), and the heart model presenta-
tion were more effective than the oral presentation alone.

2. The oral presentation alone was as effective as the abstract
line presentation (color), the detailed, shaded drawing presentation
(b & w), the heart model presentation (b & w), and the realistic
photographic presentations (b & w and color).

3. The detailed, shaded drawing presentation (color) was more
effective than the realistic photographic presentation (color).




4. When the black and white and coler versions of each visual
presentation were compared in terms of their instructional effec-

B ——— - =

tiveness, no significant differences were found.

terminology test, the test results indicated the following
Table 31):

oA
[=A =4 =

Tn relation to the promoticn of student achievement on the
1 i

1. The abstract line presentation (color) and the detailed,
shaded drawing presentation (color) were more effective than the
oral presentation alone.

2. The oral presentation alone was as effective as the abstract
line presentation (b & w), the detailed, shaded drawing presenta-
tion (b & w), the heart model presentations (b & w and color), and
the realistic photographic presentations (b & w and color).

3. The abstract line presentation (color) was more effective
than the realistic photographic presentations (b & w and color).

4 The detailed, shaded drawing presentation (color) was more
effe- tive than the heart model presentation (coler) and the
real-stic photographic presentations (b & w and color).

5  When the black and white and color versions of each visual
presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.

In relation to the promotion of student achievement on the compre-
hension test, the test results indicated the following (see Table 34): i

1. The detailed, shaded drawing presentation (color) was more
effective than the oral presentation alone.

2. The oral presentaticn alone was more effective than the
heart model presentation (b & w) and the realistic photographic
presentation (b & w).

3. The oral presentation alone was as effective as the abstract
line presentations (b & w «nd color), the detailed, shaded drawing
presentation (b & w), the heart model presentation (color), and the
realistic photographic presentation (color).

4. The abstract line presentation (b & w) was more effective

than the detailed, shaded drawing pre.cntation (b & w), and the
heart model presentations (b & w and color).
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5. The abstract line presentation (color) was more effective

than the detailed, shaded drawing presentation (b & w) and the
10del prese rations (b & w and CO]_O'!'.') -
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6. The detailed, shaded drawing piesentation (color) was more
effective than the detailed, shaded drawing presentation (b & w),

the heart model presentations (b & w and color), and the realistic
photographic presentation (color).

7. The realistic photographic presentation (b & W) was more
effective than the detailed, shaded drawing presertation (b & w)
and the heart model presentations (b & w and color).

8. The realistic photographic presentation (color) was more
effective than the heart model presentations (b & w and cclor).

9. The detailed, shaded drawing presentation (color) was
more effective than the detailed, shaded drawing presentation
(b & w).

Summary of Eleventh Grade Analyses:
Immediate Retention

On the total criterion test (see Tables 35 and 36), the various
slide sequences facilitateu total student learning with differing
degrees of effectiveness. In relation to the promotion of student
achievement on the total criterion test, the test results indi-
cated the following (see Table 37):

1. The abstract line presentations (b & w and color), the
detailed, shaded drawing presentation (color), and the realistic
photographic presentation (b & w) were more effective than the
oral presentation alone.

2. The oral presentation alone was as effective as the
detailed, shaded drawing presentation (b & w), the heart model
presentations (b & w and color), and the realistic phctographic
presentation (color).

3. When the black and white and color versions of each visual
presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.
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. B. In relarion to the promotion of studenc achi vement on the drawing |
¥ test, the test results indicated the following (see Table 40): ;

_ 3 i. The abstract lin= pre (b & w and color) and the
b | detailed, shaded drawing presentation (color) wer= more effective §
’ than the oral presentation alone. ;

%
e

. 2. The oral presentation alone was as effective as the detailed,

;-j\ shaded drawing presentation (b & w), the heart model presentations

. (b & w and color) and the realistic photographic presentations (b & |
i w and color).

k 3. When the black and white and coler versions of each visual
] presentation were compared in terms of their instructional effec-
K tiveness, no significant differences were found.

i G. 1In relation toc the promotion of student achievement on the identifi-
cation test, the test results indicated the following (see Table 43):

4 1. The abstract line presentation (b & w), the detailed, shaded
CES drawing presentation (color), and the realistic photographic presenta-
A tion (b & w) were more effective than the oral presentation alone.

3 2. The oral presentation aloue was as effe..ive as the abstract
line presentation (color), the detailed, shaded drawing presentation
(b & W), the heart model presentations (b & w and color) and the
realistic photographic presentation {color).

S 3. The detailed, shaded drawing presentation (color) was more :
Ko effective than the detailed, shadad drawing presentation (b & w) |
= and the heart model presentations (b & w and color). !

4. The detailed, shaded drawing presentation (color) was more
effective than the detailed, shaded drawing presentation (b & w).

D, 1In relation to the promotion of student achievement on fthe ter-
minology test, the F-ratio did not exceed the critical value for
a 0.05 level test (see Tables 44 and 45). Further analysis among

. the various group means was not justified. §
= E. 1In relation to the promotion of student achievement on the compre-

i hension test, the test results indicated the following (see Table 48):
<3

é%ﬁ 1. The oral presentation alone was as effective as each of thne

NG visual presentations.
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2. The abstract line presentations (b & w and color), the
detailed, shaded drawing presentations (b & w and color), and thke
realistic photographic presentation (b & w) were more effective
than the realistic phctographic presentation (colox).

3. The realistic photographic presentation (b | w) was more
effective than the realistic photographic piesentation (color).

S mary of Twelfth Grade Analyses:
Immediate Retention

On the total criterion test (see Tables 49 and 50), the various
slide sequences facilitated total studeat learning with differing
uegrees of effectiveness. In relation to the promotion of student
achievement on the total criterion test, the test resul®s indicated
the following (see Table 51):

1. The cetailed, shaded drawing presentation (coloy) was more
effective than the oral presentation alone.

2. The oral presentation alone was as effective as the abstract ‘
line presentations (b & w and color), the detailed, shaded drawing !
presentation (b & w), the heart model presentations (b & w and
color) and the realistic phorographic presentations (b & w and color).

3. The detailed, shaded drawing presentation (color) was more
effective than each of the othev treatment presentations.

4. The detailed, shaded drawing presentation (color) was more
effective than the detailed, shaded drawing presentation (b & w).

In relation to the promotion of student achievement on the drawing
test, the F-ratio did not exceed the critical value for a 0.05
level test (see Tables 52 and 53). Further analysis among the
various group means wcs not justified.

In relation to the promotion of student achievement on the identi-
fication test, the test results indicated the following (see
Table 56):

1. The detailed, shaded drawing presentation (color) was more
effective than the oral presentation alone.
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2. The oral presentation alone was as effective as the abstract
line presentations (b & w and color), the detailed, shaded drawing
presentation (b & w), the heart model presentations (b & w and
color), and the realistic photographic presentations (b & w and

color).

3. The detailed, shaded drawing presentation (color) was more
effective than the ab.tract line presentations (b & w and color)
and the realistic photograph.c presentation (b & w).

4. The detailed, shaded drawing presentation (b & w) and the
heart model presentation (b & w) were more offective than the
abstract line presentation (color).

5. When the black and white and color versions of each visual
presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.

In relation to the promotion of student achievement on the ter-
minology test, the test results indicated the following (see
Table 59):

1. The oral presentation alone was as effective as the abstract
line presentations (b & w and color), the detailed, shaded drawing
presentation (b & w), the heart model presentations (b & w and
color), and the realistic photographic presentations (b & w and
color) .

2. The detailed, shaded drawing presentation (color) was more
effective than each of the other treatment groups-

In relation to tune promotion of student achievement on the compre-
hension test, the test results indicated the following (see Tablc 62):

1. The oral presentation alone was as effective as the abstract
line presentations (b & w and color), the detailed, shaded drawing
preseatation (b & w), the heart model presentations (b & w and
colcr), and the realistic photographic presentations (b & w and
color) .

2. The detailed, shaded drawing presentation (color) was more
effective than each of the other treatment groups.




Summary of Ninth Grade Analyses:
Delayed Retention

A. In relation to the promotion of student achievement on the total
criterion test, the F-ratio did not exceed the critical value for
a 0.05 level test (see Tables 67 and 68). Frrcther analysis among

i a era
the varicus group mcans was not justified.

B. In relation to the promotion of student achievement on the drawing
test, the test results indicated the fellowing (see Table 71):

1. The abstract line presentations (b & w and color) were more
effective than the oral presentation alone.

2. The oral presentation alone was as effective as the detailed,
shaded drawing presentations (b & w and color), the heart model pre-
sentations (b & w and color), and the realistic photographic ore-
sentations {b & w and color).

3. When the black and white and color versions of each visual
presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.

C. In relation to the promction of student achievement on the identi-
fication test, the F-ratio did not exceed the critical value for a
0.05 level test (see Tables 72 and 73). Further analysis among
the various group means was not justified.

D. 1In relation to the promotion of student achievement on the ter-
minology test, the test results indicated the following (see
Table 76):

1. The oral presentation alone was as effective as each of
the visual presentations.

<. When the black and white and color versions of each visual
presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.

E. 1In relation to the promotion of student achievement on the compre-
hension test, the test results indicated the following (see Table
79):

|
]
|
2
!
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1. The oral presentation alone was as effective as each of the
visaal presentations.

2. When the black and white and color versions of each visual
prasentation were compared in terms of their instructional effec-
tiveness, no significant differences were tfound.

Summary of Tenth Grade Analyses:
Delayed Retention

In relatio.a to the promotion of student achievement on the total
criczerion test, the test results indicated the following (see
Table 82):

1, The oral presentation alones was as effective as each of the
visual presentations.

2. The detailed, shaded drawing presentation (color) and the
realistic photographic presentation (color) were more effective than
the heart model presentation (- lor).

3, When the black and white and color versions of each visual
presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.

In relation to the promotion of student achievement on the drawing
test, the F-ratio did not exceed the critical value for a 0.05
level test (see Tables 83 and 84). Further analysis among the
various group means was not justified.

In relation to the promotion of student achievement on the identi-
fication test, the test results indicated the following (see
Table 87):

1. The oral presentation alone was as effective as each of the
visual presentations.

2. The heart model presentation (color) was more effective than
the abstract line presentation (color) and the detailed, shaded
drawing presentation (color).

3. When the black and white and color versions of each visual

presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.
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In relation to the promotion ¢f student achievement on the ter-
minology test, the test results indicated the following (see
Table 90):

1. The oral presentation alone was as effective as each of
the visual presentations.

2. When the bla k and white and color versions of each visual
presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.

In relation to the promotion of student achievement on the compre-
hension test, che test results indicated the following (see
Table 93):

1. The oral presentation alone was as effective as eacht of
the visual presentations.

2. The detailed, shaded drawing presentation (color) was more
effective than the detailed, shaded drawing presentation (b & w).

Summary of Eleventh Grade Analyses:
Delayed Retention

In relation to the promotion of student achievement on the total
criterion test, the F-ratio did not exceed the critical value for
a 0.05 level test (see Tables 94 and 95). Further analysis among
the various group means was not justified.

In relation to the promotion of student achievement on the drawing
tast, the F-ratio did not exceed the critical value for a 0.05
level test (see Tables 96 and 97). Further analysis among the
various group means was not justified.

In relation to the promotion of student achievement on the drawing
test, the F-ratio did not exceed the critical value for a 0.05
level test (see Tables 98 and 99). Further analysis among the
various group means was nut justified.

115




In relation to the promotion of student achievement on the ter-
minology test, the test results indicated the following (see
Table 102):

i. The oral presentation alone was
visual presentations.

2. When the black and white and color versions of each visual
presentation were compared in terms of their instructional effec-
tiveness, no significant differences were found.

In relation to the promotion of student achievement on the compre-
hension test, the F-ratio did not exceed the critical value for a
0.05 level test (see Tables 103 and 104) . Further analysis among
the various group means was not justified.

Summary of Twelfth Grade Analyses:
Delayed Retention

In relation to the promotion of student achievement on the total
critericn test, the F-ratio did not exceed the critical value for

a 0.05 level test (see Tables 105 and 106). Further analysis among
the various group means was not justified.

In relation to the promotion of student achievement on the drawing
test, the F-ratio did not exceed the critical value for a 0.05
level test (see Tables 107 and 108). Further analysis among the
various group means was not justified.

In relation to the promotion of student achievement on the identi-
fication test, the F-ratio did not exceed the critical value for a
0.05 ievel test (see Tables 109 and 110). Further analysis among
the various group means was not justified.

In relation to the promotion of student achievement on the ter-
minology test, the test results indicated the following (see
Table 113):

1. The oral presentation alone was as effective as each of
the visual presentations.




9. The detailed, shaded drawing presentation (color) was more

cffective than the detailed, shaded drawing presentation (b & w)
and the heart model presentations (b & w and color).

In relation to the promc :ion of student achievement on the compre-
hension test, the F-ratio did nut exceed the critical value for a
0.05 level test (see Tables 114 and 115). Further analysis among
the various group means was not justified.

Interpretation: Ninth Grade Analyses
Immediate Retention

In terms of instructional effectiveness, economy, and simplicity
of ; roduction:

1., The abstract line presentation (b & w) should be used to
promote total student understanding of the concepts presented in the
instruction.

2. The abstract line presentation (b & w) should be used to
promote student learning of specific locations of the various pat-
terns, structures, and positions of the parts in the heart.

3. The oral presentation alone should be used to p. )mote
student transfer of learning, i.e., the ability to identify the
numbered parts on a diagram of the heart from information presented
via the oral-visual presentation.

4. The detailed, shaded drawing presentation (b & w) should be
used to promote student learning of the referents of terms.

5. The oral presentation alone should be used to promote the
development of a new view, or reorganization, of the material by the
student.

Interpretation: Tenth Grade Analyses
Immediate Retention

In terms of instructional effectiveness, economy, and simplicity
of production:




1. The abstract line presentation (b & w) should be used to promote
total student understanding of the concepts presented in the instruction.

2. The abstract line presentation (b & w) should be used to promote
student learning of specific locations of the various patterns, struc-
tures, and positions of the parts in the heart.

3. The abstract line presentation (b & w) should be used to promote
student transfer of learning, i.e., the ability to identify numbered

parts on a diagram of the heart from information present-d via the oral-
visual presentation.

4. The abstract line presentation (color) should be used to promote
student learning of the referents of terms.

5. The heart model piesentation (b & w) should be used to promote
the development of a new view, or reorganization, of the material by
the student.

Interpretation: Eleventh Grade Analyses
Immediate Retention

In terms of instructional effectiveness, economy, and simplicty of
production:

1. The abstract line presentation (b & w) should be used to promote
total student understanding of the concepts presented in the instruction.

2. The abstract line presentation (b & w) shoull be used to promote
student learning of specific locations of the various patterns, struc-
tures, and positions of the parts in the heart.

3. The abstract line presentation (b & w) should be used to promote
student transfer of learning, i.e., the ability to identify the numbered
parts on a diagram of the heart from information presented via the oral-
visual presentation.

4. Th= oral presentation alone should be used to promote student
learning of the referents of terms.

5. The oral presentation alone should be used tc promote the
development of a new view, or reorganization, of the material by the
student.




Interpretation: Twelfth Grade Analyses
Immediate Retention

In terms of instructional effectiveness, economy, and simplicity of
production:

1. The detailed, shaded drawing presentation (color) should be used
to promote total student understanding of the concepts presented in the
instruction.

2., The oral presentation alone should be used “o promote student
learning of the specific locations of the various patterns, structures,
and positions of the parts in the heart.

3. The detailed, shaded drawing presentation (color) should be used
to promote student transfer of learning, i.e., the ability to identify
numbered parts on a diagram of the heart from information presented via
the oral-visual presentation.

4. The detailed, shaded drawing presentation (color) should be used
to promote student learning of the referents of terms.

5. The detailed, shaded drawing presentation (color) should be used
to promote the development of a new view, or reorganization, of the
material by the student.

Interpretation: Ninth Grade Analyses
Delayed Retention

In terms of instructional effectiveness, economy, and simplicity of
production:

1. The oral presentation alone should be used to promote total
student understanding of the concepts presented in the instruction.

2. The ebstract line presentation (b & w) should be used to pro-
mote student learning of specific locations of the various patterns,
structures, and positions of the parts ir the heart.

3. The oral presentation alone should be used to promote student
transfer of learning, i.e., the ability to identify the numbered parts
on a diagram of the heart from information presented via the oral-
visual presentatiocn.




4. The oral presentation alome should be used to promote student
learning of the referents of terms.

5. The oral presentacion alone should be used to promote the
development of a new view, or reorganization, of the miterial by the
student.

Interpretation: Tenth Grade Analyses
Delayed Retention

In terms of instructional effectiveness, economy, and simplicity of
production:

1. The oral presentation alone should be used to promote total
student understanding of the ccncepts presented in the instruction.

2. The oral preserntation alone should be used to promote student
learning of specific locations of the various patterns, structures,

and positions of the parts in the heart.

3. The oral presentation alone should be used to promote student

transfer of learning, i.e., the ability to identify the numbered parts
on a diagram of the heart from information presented via the oral-
visual presentation.

4. The oral presentation alone should be used to promote student
learning of the referents of terms.

5. The oral presentation alone should be used to promote the
development of a anew view, or reorganization, of the materia’l by the
student.

Interpretation: Eleventh Grade Analyses
Delayed Ketention

1. The oral presentation alone should be used to promote total
student understanding of the concepts presented in the instruction.

2. The oral presentation alone shoulAd be used to promute student
learning of specific locations of the various patterns, structures,
and positions of the parts in the heart.




3. The oral presentation alone should be used to promote student
transfer of learning, i.e., the ability to identify numbered parts on
a diagram of the heart from information presented via the oral-visual
presentation.

4, The oral presentation alone should be used to promote student
learning of the referents of terms.

5. The oaral presentation alone should be used to promote the
development of a new view, or reorganization, of the material by the

student.

Interpretation: Twelfth Grade Analyses
Delayved Retention

1. The oral presentation alone should be used to promote total
student understanding of the concepts presented in the instruction.

2. The oral presentation alone should be used to promote student
learning of specific locations of the various patterns, structures,
and positions of the parts in the heart.

3. The oral presentation alone snould be used to promote student
transfer of learning, i.e., the ability tc ider .ify numbered parts on
a diagram of the heart from information presented via the oral-visual
presentation.

4, The oral presentation alone should be used to promote student
learniag of the referents of terms.

5. The oral presentation alone should be used to promote the
development of a new view, or reorganization, of the material by the
student.
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Conclusions

The first null hypothesis was rejected for the ninth, tenth,
eleventh and twelfth grades.

(Hl) There are no differences on the total critarion test in immediate
retention among students receiving oral instruction complemented
by visual illustrations possessing different amounts of rezlistic
detail.

Hyt By = Bpp = Hypp = Mgy T My T HPer T Py T Mvimn T P

The second null hypothesis was rejected fcxr the ninth, tenth,
eleventh and twelfth grades.

(HZ) There are no differences on the four individual criterion lests
in immediate retention among students receiving oral instruction
complemented by visual illustrations possessing different amounts
of realistic detail.

Hot Wy = Hyp = Bgpp = My = Py = Myr 7 Hyoz T Pyron T Max

The third hypothesis zould not be rejected for the ninth grade.
However, there were several exceptions in the tenth, eleventh and twelfth
grades., In the tenth grade on the total criterion test, the detailed,
shaded drawing presentation (color) was more effective than the detailed,
shaded drawing presentation (b & w). Similar results were also found for
the drawing test. The abstract line presentation (b & w) was found to
be more effective than the abstract line presentation (color) on the
drawirg test. On the comprehensicn test, the detailed, shaded drawing
presentation (color) was more effective than the detailed, shaded draw-
ing presentation (b & w).

For the elevanth grade, on the identification test the detailed,
shaded drawing presentation (color) was more effective than the detailed,
shaded drawing presentation (b & w). The realistic photographic pre-
sentation (b & w) was found to be more effective than the realistic
photographic presentation (color) on the comprehension test.

For the twelfth grade on the total criterion test and the terminology
test, the detailed, shaded drawing presentation (color) was more effec-
tive than the detailed, shaded drawing presentation (b & w).




There are no differences on the four individual criterion tests
in immediate retention among students receiving black and white
iliustrations and those receiving colored illustrations in
complementing their oral instruction.

H .

of Hp T Hyp = H

11T - M1y T My T Py T Myrn T oMyiin T Mix

The fourth null hypothzsis could not be rejected in the ninth,
tenth, eleventh and twelfth grades.

(H4) There are no differences on the total criterion test in delayed
retention among students receiving oral instruction complemented
by visual illustrations possessing different amounts oi realistic
detail.

H - = = = = = = = :
o M1 T Hpp T Hppy T My T My T Hyr T Myrr T Mviir M

The fifth null hypothesis was rejected for the ninth, tenth,
eleventh and twelfth grades because of only one specific exception
in the ninth grade in which the abstract line presentation (b & w)
was more effective than the oral presentation on the drawing test.

(HS) There are no differences on the four individual criterion tests

in delayed retention among students receiving oral instruction
complemented by visual illustrations possessing different amounts
of realistic detail.

Hot By = Mpp 5 Hypr = Bpg = By = Byp = Py = Myrrn © HPix

The sixth null hypothesis could not be rejected for the ninth,
tenth, eleventh and twelfth grades.

(H6) There are no differences on the four individual criterion tests
in delayed retention among students receiving black and white
illustrations in complementing their oral instruction.

Hot Wy = Hpp = Hypp = Bpy = Py = Byr = Hyrn © Pyron © P

The seventh null hypothesis was rejected for the immediate reten-
tion testing for the ninth, tenth, eleventh and twelfth grades. The
seventh null hypothesis was re jected on the delayed retention testing
for the ninth, tenth, eleventh and twelfth grades because of only one
specific exception on the ninth grade drawing test in which the
abstract line presentation (b & w) was more effective than the oral
presentation alone.




There are no significant differences in the relative effective-
ness of the various types of visual illustrations used to
complenent oral ianstruction among the grade levels participating
in the study--ninth, tenth, eleventh and twelfth.

Interpretation: Immediate Retention

The data collected in this study appear to support the contention
that the logical realism for visual illustrations is not the most effec-
tive predictor of visual cffectiveness. The findings of this study
seem to substantiate the hypothesis that reality may be edited for
instructional purposes. This particular view has been suggested by
Travers, et al. (32, p. 1.18); they feel that the real otjective of
visual education is '"not so much to bring the pupil into close touch
with reality but to help students become more effective in dealing
with reality." The process of editing reality for instructional pur-
poses has been supported in recent research and literature: Jacobson
(18) ; Attneave (2); Miller et al. (25); Broadbent (3, 4); Fleming (13);
Travers, et al. (32); Travers (33) and Dwyer (10).

The literature seems to indicate that reality presents excessive
stimuli which are hypothesized as interfering with the intended trans-
mission of information. The main reasons explaining the inconsistencies
in prediction of the visual realism continuum seem toO be: (1) the
additional stimuli contained in the realistic drawings and photographs
seemed to interfere with the information to be transmitted, therevy
reducing the effectiveness of the realistic drawings and photographs
as efficient learning media; (2) students have been exposed to oral
instruction in so many learning situations that, out of necessity, they
have developed an ability to learn from oral instruction; (3) students
have not been taught how to learn from photographs and realistic draw-
ings; their exposure being merely to acquaint them with reality; and
(4) students participating in this study viewed their respective types
of visual illustrations for equal amounts of time--this situation would
put the realistic drawings and photographs &t a disadvantage if we can
assume that the accuracy and the amount of information that can be
perceived in a visual illustration depends to a certain degree on the
amount of time available for viewing them.

A number of possible explanations may be advanced for the poor
showing of the photographic presentation on the criterion tests. One
is that the impact of excessive realistic detail may be sufficiently
strong to detract attention from other equally relevant and important
learning cues. For example, the learner may be so impressed by the
amount of detail in the photographs that he may fail to identify and
locate crucial learning cues. There is some evidence (Fleming, 13)
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that under certain conditions realistic detail increases the effec-
tiveness of the visual presentation and perhaps reinforces the effect
of the picture. By the same line of reasoning, it is conceivable
that realistic detail may distract attention from other important
learning cues, materials in the commentary or other visual cues in
the illustration. Iu the final analysis, it is probably a question :
of determining what the crucial cues are in terms of realistic detail ;
necessary to achieve the desired kinds of learning objectives. :

B - e e

The use of realistic detail in instructional illustrations whx‘h
may superficially seem to call for realistic detail does not appear to
be justified in terms of greater learning on the part of those who
viewed the visual presentations. If detail is to be used effectively
in instructional illustrations, there must be careful pre-production ;
considerations of the probable psychological impact of specific uses
of detail upon the learner and upcn the specific learning objectives
to be transmitfed. q

WWENNIYPN

The superiority of the abstract linear representation seems to
be in accordance with Attneave's research (2) which contends that only
essentials travel through the nervous system to the brain and that
lines bordering objects provides the essence of the information to be
conveyed. For this same reason, Travers, et al., (32), feel that
visual illustrations closely representing line drawings and containing
the essence of the message to be transmitted would be more effective
than more realistic illustration which would have to be coded by the
central nervous system before transmission.
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Interoretation: Delayed Retention

40

The differential effects of the nine treatments among the four
grade levels disappeared on the delayed retention test with one excep-
tion (see Table 117). Miller, et al. (25) have warned against the
assumption that one cue added to another would increase learning by a
linear increment. The data obtained from the delayed testing analyses
appear to substantiate the hypothesis proposed by Broadbent (3),
Jackson (18), and Attneave (2) that one function of the perceptual
system is to reduce excessive stimulation and to encode incoming
information so that only the essentials travel through the nervous
system to the brain. Travers and his colleagues (32) have stated
that visual information is stored in the nervous system in some form
isomorphic with line drawings, and that this permits the individual
to more easily organize, remember, and reproduce edited information
as opposed to more realistic information. Bruner, et al., (5) and
Travers et al., (33), have stated that learners do not need highly
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embellished stimuli in order to recognize the attributes of an object

or situation.

mav be that onlvy the essentials which are initially perceived

It llld] LR — e
and encoded in edited form are retained over extended periods of time.

Attneave's research (2) supports this particular concept. He found
that lines bordering objects provide the essence of the information

to be conveyed.

Recommendations for Further Research

To date, there has been very little research in the audio-visual
field relating to the specific effects of the various types of visual
illustrations when used for either general or specific educational
objectives. If quality is to be continually sought in the teaching-
learning situation, it is important for specific research to be
continued in seeking ways of improving instructional techniques.

This investigation covers a limited content area; however, it opens

avenues for further research.

1. Since this is one of the initial studies investigating
the relative effectiveness of various types of visual illustrations
in complementing oral instruction, it is desirable to replicate it
in the same and in other content areas in order to establish con-

fidence in the results.

9 On the basis of the present study, it is indicated that
research into the use of visual illustrations in complementing ozal
instruction is warranted. Visuals have been found to be effective
in the sense they achieve more expeditiously those objectives that
would have been achieved only to a lesser degree had the visuals not
been used to complement the oral instruction. Effec
visual illustrations cannot be designed and prepared to achieve
specific objectives without taking into account the various educa-
tional and psychological characteristics of the student. It seems
only reasonable to expect that further research relating to visual
media will be characterized by its orientation to specific kinds of
students, i.e., their grade level, background characteristics,

1.Q. levels, sex, etc. The subject content and the types of
objectives to be facilitated by the visuals would more than likely
be ar important consideration in the development of instructional
Considering the important and immediate need educators

tion relating to the factors as cited above in this
g the most

An agency

visuals.
have for informa
paragraph, the following suggestion is proposed as bein
efficient means of obtaining information of this nature.
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interested in education and/or responsible for producing instructional
(visual) materials should fund or conduct a systemrtic and simul-
taneous research program designed to provide answers to the problems
which, at the present time, are limiting the instructional effective-
ness and efficiency of teachers at all levels.

3. The relative effectiveness of varied types of visual
illustrations remains a very important question both practically
and theoretically. This study was an initial attempt in determining
the predictability of learning effectivencss inherent within various
types of visual illustrations for specific types of learning objec-
tives. This line of research has significant implications on cur-
riculum planning and methods of school instruction. Educators at
the present time have to select their instructional materials from
whatever is available from those agencies developing instructional
materials. When the research on visual illustrations has been carried
to its logical conclusions, significant changes will be effected in
the types of visual materials used and in the course organizations
themselves. Educators will be able to approach material producers
and specify the types of visuals they need to accomplish a specific
job most effectively. In order for this to occur curriculum co-
ordinators should work very closely with department heads and
teachers in defining in specific terms those behavioral objectives
that they wish to transmit and how they are to procead in achieving
these objectives. Once the objectives have been defined, the
educators will be able to select those types of visual illustrations
which have been found to be most effective in promoting learning of
that particular type of objective. This kind of visual selection will
become an indigeunous part of any course development program. Only
when the predictability of varied types of visual illustrations in
terms of learning effectiveness has been thoroughly researched and
publicized will educators be able to prepare specifications for the
visual media that they wish to use to achieve specific instructional
objectives. Ounly when this level has been attained will educators be
able to approach representatives of agencies responsible for producing
instructional media and request materials to be designed to achieve
specific educational objectives.

4., Even though this study indicates that realistic drawings and
photographs contain more information than the learner can effectively
use because of his limited channel capacity, this superfluous detail
may have important functional value over long periods of time. In
the present study the delayed testing was conducted two weeks after
the immediate testing session. Further research needs to be conducted
at predetermined intervals of time over a period of two or more years
to determine whether, in fact, visuals complementing oral instruction
are no more a2ffective than the oral presentation alone in facilitating
varied types of student learning.




5, The results of this study seem to indicate that considerable
research needs to be conducted in relation to the types of visual
materials presented via motion picture and televised instruction.
This study indicates that when groups of students are assembled to

view instructional presentations for equal amounts of time the types
f ~visuals which have edited detail are the ones that appear to be

~
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most effective in promoting specific types of learning.

6. Today's teachers are using a greater variety of visual
media in their instructional presentations. This doess not mean, how-
ever, that the use of visual materials is thereby improving instructional
effectiveness. Teachers, in general, use visual material rather indis-
crimately. They are often unaware of what instructional effects the
visual media have on the students and whether the visual materiais do,
in fact, improve student learning of general and specific educationg’
objectives. However, there is also another serious problem which needs
to be cousidered. At a time when so much of today's information is
presented to students visually, it is imperative that students be given
some type of "visual training" so that they will be better prepared to
accurately perceive and organize information inherent in various
types of visual illustrations. Students should be taught how to
examine visual materials critically. Most students have been exposed
to visual materials (realistic drawings and photographs) merely as a
means of acquainting them with reality. Very few students have ever
participated in a systematic approach designed to reveal specific
information inherent within varied types of visual illustrations.
What appears to be needed in this area is the development of a pilot
program which would expose students to a comprehensive approach
designed to acquaint them with the techniques and methods of crit-
ically examining visual illustrations and the types of information
contained within them.

7. Further investigation is needed with the present study to
determine the effectiveness of the various types of visual illus-
trations in achieving other varied educational objectives.

8. It should be ascertained whether the results would change
significantly if the students were allowed to progress through their
respective presentations at their own rate, i.e., via programed
instruction booklets.

9. It should be ascertained whether the various learning
continuum would change if each student received his respective
instruction individually.

10. Studies similar to this one should be designed and con-
ducted both at the elementary school level and at the college level.
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APPENDIX A

Physiology Test

In the following multiple choice questions, gelect the
answer which you feel best answers the question and
place it on your answer sheet.

The part of the tooth which contains the hardest substance in the
body is the '

{a) root
(b) dentine
(c) cement
(d) enamel

The digestion of food occurs principally in the

(a) stomach

(b) small intestine
(¢) mouth

(d) 1large intestine

Contraction of the smooth muscle of the alimentazy canal is called:

(a) peristalsis
(b) digestion
(c) absorption
(d) assimilation

A blood vessel which carries deoxygenated blood is the

(a) aorta

(b) pulmonary artery
(c) hepatic artery
(d) pulmonary vein

Worn-out red blood cells uare decomposed in the

(a) heart
(b) 1lungs
(c) kidneys
(d) 1liver

"Swollen glands" means an enlargement of the

{a) lymph nodes
(b) heart valves
(c) vena cava

(d) portal vein




10.

11.

12.

13.

The chief value of perspiration is that it

{e) eliminates body odors

(b) opens the pores

(¢c) reduces weight

(d) regulates body temperature

Endocrine glands produce

(a) chyme

(b) endoplasm
(c) hormones
(d) serums

The body is stimulated to unusual activity by increased secretion
from the

(a) pancreas

(b) adrenal glands
(¢) thyroid gland
(d) thymus gland

The spinal cord is made up of

{(a) bone tissue

(b) cartilage tissue
(c) connective tissue
(d) nerve tissue

Nerves from the eyes and ears are connected to the

(a) cerebellum
(b) cerebrum
(c) medulla

(d) spinal cord

The chromosome number of the body cells of identical human twins
is

(a) 12
(b) 24
(c) 48
(d) 96

The person who can give blood to any other person but can receive
only his own type blood, has blood type

(a) A
(b) O
(¢c) AB
(d) B
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14.

150

16.

17.

18.

19.

20.

The backward flow of blood in the veins is prevented by
(a) muscles

(b) valves

(c) the heart beat

(d) lymphatics

The chamber of the heart which pumps oxygenated blood to all the
parts of the body is the

(a) left auricle

(b) right ventricle

(c) right auricle

(d) left ventricle

The ribs are attached to the spine and meet in front of the body
at the

(a) skull

(b) 1limbs

(¢) joints

(d) breastbone

The ribs protect the

(a) stomach

(b) breastbone

(c) spinal cord

(d* 1lungs

The hollow interior of the long bones is filled with
(a) marrow

(b) minerals

(c) red and white corpuscles

(d) Haversian canals

The windnine is located the esophagus
(a) in front of

(b) behind

(¢) to the left of

(¢} to the right of

The carbon dioxide-oxygen exchange with the atmosphere occurs in
the

(a) nose

(b) trachea

(c) lungs

(d) bronchi
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21.

22.

23.

24.

25.

26.

27.

Blood is oxygenated in the capillaries of the

(a) air sacs
(b) heart
(c) muscle
(d) liver

During inspiration, the ribs

{a) do not move
(b) move downward
(c) move inward
(d) move upward

The part of the brain that controls respiration is the

(a) medulla

(b) cerebeilum
(c) cerebrum
(d) spinal cord

A defense cf the body against bacteria is

(a) hemoglobin
(b) phagocytes
(¢) red blood cells
(d) blood platelets

The disease hemophilia is associated with

(a) the bone structure
(b) blood clotting

(c) the structure of nervous tissue
(d) the formation of red corpuscles

The liquid that bathes every cell and acts &s a medium of

exchange is

(a) cell sap
(b) fibrinogen
(¢) lymph

(d) fibria

Urine is stored in an organ called the

(a) diaphragm

(b) kidney
(¢) bladder
(d) 1lungs
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28. Secretions of the ductless glands pass

29.

30.

31.

32.

33.

34.

(a) into tubes or ducts

(b) directly into the blood

(c) directly into the organs where they are used
(d) out of the body

Inactivity of the thyroid gland from infancy way produce a condi-
tion known as

(a) diabetes

(b) beriberi

(c) cretinism

(d) Addison's disease

The concentration of sodium and potassium in the Llood is con-
trolled by

(a) adrenin
(b) cortin
(c) insvlin
(d) secretin

Diabetes is caused by the improper functioning of the

(a) parethyroids
(b) thyroids
(c) pancreas
(d) adrenals

Blood enters the heart through

(a) arceries

(b) vena cavas

(c) eortic arch

(d) pulmonary veins

Blood leaves the heart through the

(a) tricuspid valve
(b) aorta

(c) superior vena cava
(d) witral valve

The portion of the heart which divides it longitudinally into
two halves is called the

(a) exicaidium
(b) pericardium
(c) septum

(d) myocardium
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35. The adult human heart is gaid to beat approximately _ __ times
per minute

(a) 85

1L\ 29
\v) 1o :
(c) 60 ;
(d) 58
36. Crowth and repair of body tissues involves .
(a) protein g
(b) fets é
(c) starchn :
(d) sugar i
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APPENDIX B

CRITERION TESTS

Name Grade

Drawing Test

Draw a picture of a heart and place the number of the identified parts
where they would be located on the heart.

R

Bapd

S il

1. superior vena cava 10. pulmonary artery
2. aorta 11. myocardium

3. tricuspid valve 12. endocardium

4. pulmonary vein 13. mitral valve

5. septum 14. right auricle

6. epicardium - , 15. right ventricle
7. aortic valve 16. left auricle

8. pulmonary valve 17. 1left ventricle
9. inferior vena cava 18. apex
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Identification Test




Select the answer you feel best identifies the part of the heart
indicated by the numbered arrows and mark the corresponding letter

on the provided "answer sheet.

1. Arrow
2. Arrow
3. Arrow

4. Arrow

5. Arrow
6. Arrow
7. Arrow

8. Arrow

number one (1) points to the a.

number

number

number

number

number

numbexr

number

aorta

mitral valve

superior vena cava opening
inferior vena cava opening
septum

two (2) points to the a.

p-ricardium
eadocardiuvm
septum
myocardium
pulmonary artery

three (3) point to the a.

inferior vena cava openings
superior vena cava openings
aortas

pulmonary veins

pulmonary arteries

four (4) points to the a.

pulmonary vein

b. pulmonary artery

c. aorta

d. tricuspid valve

e. mitral valve
five (5) points to the a. myocardium

b. ectoderm

c. pericardium

d. endocardium

e. aortic base
six (6) points to the a. endocardium

b. myocardium

c. pericardium

d. muscle

e. Septum

seven (7) points to the a.

venic valve

b. pulmonary valve

c. tricuspid valve

d. mitral valve

e. aortic valve
eight (8) points to the a. pericardium

b. endocardium

c. ectocardium

d. ectoderm

e. myocardium
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9. Arrow number nine (9) points to the

10. Arrow number ten (10) points to the

11. Arrow number eleven (11) points
to the

12. Arrow number twelve (12) points
19 the

13. Arrow number thirtecn (13) points
to the

14. Arrow number fourteen (14) points
to the

15. Arrow number fifteen (1l5) points
to the
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a. superior vena cava opening
b. inferior vena cava opening
2. aortic valve

d. pulmonary valve

c. mitral valve

a, right auricle

b. right ventricle

c. left auricle

d. left ventricle

e. pulmonary artery _
a. pericardium

b. myocardium

c¢. endocardium

d. endoderm

e. apex

a. septum

b, aorta

c. pulionary «rtery

d. pulmonary veins

e. nune of these

a. superiour vena cava opening
b. right auricle

c. mitral valve

d. tricuspid valve

e. none of these

a. right ventricle

b. left ventricle

c. left auricle

d. right auricle

e, pericardium

a. pulmonary vein

b. aorta

c. pulmonary artery

d. right auricle

e. aortic valve
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Arrow number sixteen (16) points
to the

Arrow number seventeen (17) points
to the

Arrow number eighteen (18) points
to the

Arrow number nineteen (19) points
to the

Arrow number twenty (20) pcints
to the

right ventricle
right auricle
left ventricle
ieft auricile
epicardium

epicardium
pericardium
endocard ium
myncardium
none of these

aortic valve
pulmonary valve
mitral valve
tricuspid valve
septic valve

left ventricle
right ventricle
right auricle
left auricle
vascular space

myocardium
endocardium
ectocardium
epicardium
ncine of these




Terminology Test

This section required that you complete each sentence with a specific’
word or words. 1In several places ycu may use more than ore word to
complete your easwer.

Write you answer to the left of each questiom.

1. are the thick walled chambers of the heart.

2. The heartbeat consists of two parts; the contrac-
tion of the ventricle is called the .

The relaxation of the ventricles is called the

Blood from the right ventricle leaves the heart
through the .

is the strongest section of the heart.

When blood comes back to the heart from the lungs,
it enters the .

Vessels that allow the blood to flow from the
heart are called .

Biood passes from the left ventricle out the
aortic valve to the .

The chamber of the heart which pumps oxygenated
blood to all parts of the body is the __ __

10. is another name for the part of the heart
called the heart muscle.

11. ig the part of the heart which controls
its cantraction and relaxation.

12. is the name given to the inside lining of
the heart wall.




13.

14.

15.

16.

17.

18.
19.

20.

Blood enters the heart from the (left or right)
side.

are the veseels that have no valves at

their openings.

allow blood to travel in one direction

only.

is the passage between right auricle and

the right ventricle.

is located between the left auricle and

the left ventricle.

(18) and (19) are the names of two valves

which have three triangular flaps and are
sometimes called the semilunar valves.

Inmediately before entering the aorta, blood
must pass through the
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Compcehension Test

In the following multiple choice questions, select the answer which
you feel best answers the question and place it on your answer sheet.

1. #hich valve is most like the tricuspid in function?

a. pulmonary

b. aortic

c. mitral

d. superior vena cava

2. When blood is being forced out the right ventricle in what position
is the tricuspid valve?

partially opened
partially closed
open

closed

Ao o e

3. When blood is being forced out the aorta is it also being forced
out of the

pulmonary veins
pulmonary artery
superior vena cava
cardiac artery

a0 o P

4. The contraction impulse in the heart starts in the

septum

both ventricles simultaneously
both auricl.s simultaneously
arteries

oo o

5. 1In the diastolic phase the ventricles are:

fully contracted
partially contracted
fully relaxed
partially relaxed

a0 o e
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10.

11.

12.

During the systolic phase in what position will the mitral valve
be?

a. partially cpen

b. open
¢. parciaily closed
d. closed

During the systolic phase blood is being forced through the

a. pulmonary and aortic arteries

b. superior and inferior vzena cavas
c. tricuspid and mitral valve

d. pulmonary veins

When blood is entering through the vena cavas it is also entering
through the

a. mitral valve

. pulmonary veins
. pulmonary artery
. aortic arch

a o o

When the heart contracts, the

a. auricles and ventricles contract simultaneously
b. ventricles contract first, then the auricles

c. right side contracts first, then the left side
d. auricles contract first then the ventricles

While impure blood is entering the superior vena cava, it is also
entering through the

a. pulmonary veins

b. aortic arch

c. Iinferior vena cava
d. pulmonary artery

When blood leaves the heart through the aorta, it is also simul-
taneously leaving the heart through the

a. aortic erc

b. pulmonary veins
c. pulmonary artery
d. pulmonary valve

When the pressure in the right ventricle is superior to that in
the pulmonary artery what position is the tricuspid valve in?

a. closed

b. c¢pen

c. partially closed

d. confined by pressure from the right auricle
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13. Which one of the following statements is false? When the auricles
contract, blood is forced out the

a. superior and inferior vena cavas

b. pulmonary veins
c tricuspid and mitral valves

d. aortic and pulmonary valves

14. Blood leaving the heart through the aorta had left the heart
previously through the

a. vena cavas

b. pulmonary veins

c. pulmonary artery

d. tricuspid and mitral valves

15. When blood in the aorta is exerting a superior pressure on the \
aortic valve what is the position of the mitral valve? ;

a. closed

b. open

c. partially open

d. closed by pressure from the left ventricle

16. When the mitral and tricuspid valves are forced shut, in what
position is the pulmonasy valve?

U danrs ine g €y v, Y any

a. closed

b. partially open
c. open

d. partially closed

AV e wmr L e are

pres

17. During the systolic phase in what position is the aortic valve?

Cr w6 My C

a. fully open

b. partially open
c. partially clused
d. fully closed

radiatn g P T N

e

18. Blood is being forced out the pulmonary veins simultaneously as
ploed is:

b

a. entering the vena cavas

b. being forced out the aortic and pulmonary valves
c. passing tirough the mitral and tricuspid valves
d. being forced through the pulmonary artery
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APPENDIX C

HFART SCRIPT

The human heart is a hollow, bluntly conical muscular organ.
Its pumping action provides the force that circulates the blood
through the body. In the average adult, the heart is about five
inches long and about two and one half inches thick. A man's heart

weighs about 1l ozs. and a woman's heart weighs about 9 ozs.

The heart lies toward the front and is in a slanting posi-
tion between the lungs, immediately beiow the breastbone. The
wide end points toward the right shoulder. The small end of the
heart points downward to the front of the chest and uoward the
left. The lower portion of the heart is called the apex and is the
part that ycu feel beating.

In order to better comprehend the following instruction, it
will be helpful to visualize a cross-section view of a heart in your
mind's eye. As you visualize it, the right side of the heart will
be on the left side. In other words, as you look at the heart, its
right side will appear on your left side.

To understand the functioning cf the heart you will need to
be ablé to identify the parts of the heart. The heart is enclosed
in a thin doubie-walled sac. The layer which forms the outer wall
of the sac is called the pericardium. It is compcsed of 2 tough,
transparent elastic tissue. It protects the heart from rubbing
against the lungs and the walls of the chest. The inner portion
of the double walled sac is called the epicardium. It is attached
to the heart muscle.

The myocardium is called the heart muscle; it controis the
contraction and relaxation of the neart. The myocardium constitutes
by far the greatest volume of the heart and its contraction is re-
sponsible for the propulsion of the biood throughout the body. The
myocardium varies in thickness. For example auricle walls are thin
when compared to the tnickness of the ventricles.

The endocardium is the uame given to the inside lining of
the heart wall.

The human heart is really two hearts combined in a single
organ which pumps blood to all parts of the bedy. The heart is
divided longitudinally into two halves by the septum. In other
words, the septum divides the heart into two halves. The two halves
may be compared to a block of two houses, which are independent of
each other but have a common wall, the septum, between them.

Each half of the heart is divided into an upper chamber and a
lower chamber. The upper chambers being cailed auricles and the lower
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chambers being called ventricles. Although there is no direct communi-
cation between the right and l.ft sides, both sides function simult-

aneously.

The upper chamber on each side of the septum are auricles and
the lower chambers are called ventricles. Auricles have thin wvalls

and act as receiving rooms for the blood whiie the veniriclies below
act as pumps pumping the blood away from the heart.

As you would view a cross-sectional diagram of the heart, ‘
blood enters the right auricle through veins. Only veins carry blcod ;
to the heart. The superior and inferior vena cavas are the two veins '
which deposit blocd in the right auricie. There are no valves at the
E B openings of these veins into the right auricle. The superior vena
- cava drains blood into the right auricle from all body parts above

heart level, i.e., head, and the arms. ;
i

- ) The other vein, the inferior vena cava deposits also in the.
- 8 right auricle blood from the trunk and legs--from regions below the
3 heart level. As blood from the body fills the right auricle, some
: of it begins to drip into the right ventricle immediately.

The auricles and ventricles on each side of the heart com-
E . municate with each other through openings. The opening between the
. right auricle and right ventricle is called the tricuspid valve.
E - 4 This valve consists of three triangular flaps of thin, strong,
3 fibrous tissue. These flaps permit the flow of blood into the right
5 1 ventricle, but prevent it from flowing backward into the right
5. X auricle because the ends of the flaps are anchored to the floor of
" 3 the rignt ventricle by slendor tendons.

e,
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~ The three flaps act like swinging doors which open only in one
e 3 direction. Thus, blood passes from the right auricle through the

B tricuspid valve into the right ventricle. As soon &z the right
ventricle is filled with blood, both ventricles begin to coatract.

The first effect of the pressure produced in the right ven-
tricle is to force blood behind the flaps of the tricuspid valve.

While the blood pressure behind the flaps brings the flaps
together and nrevents the flow of blood, the contraction of the right
ventricle continues until the blood presses hard enough to open the
pulmonary valve and forces the blcod into the pulmonary artery. The
puluonary valve is located between the right ventricle and the

pulmonary artery.

The pulmonary valve (like the tricuspid valve) consiste of
three fiaps which fill with blood backing up in the pulmonary artery.
As soon as the right ventricle begins to relax from its contraction,
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vents blood from flowing back into the right

ventricle. The pulmonary valve only opens when the pressure in the
right ventricle is greater than the pressure in the pulmonary artery

forcing the blood on into the pulmonary artery.

the pulmonary valve pre

Since the pulmonary valve is composed of
which the swollen pulmonary artery quickly fills with blood as soon
as the right ventricle begins to relax from its contraction. The
flaps cr pockets of the valve are thus pressed together, and no blood

flows back into the right ventricle.

After the blood passes through the pulmonary valve it enters
the pulmonary artery from which it is carried up through the heart to
both the left and right lungs where it is cleansed and oxygenated.

Returning from the lungs the blood enters the heart through
four pulmonary veins and collects in the left auricle.

Like the right auricle, the left auricle also contracts when
it is full, squeezing blood through the mitral valve into the left
ventricle. The mitral valve is located between the left auricle and

the left ventricle.

The mitral valve is similar in construction to the tricuspid
valve. As the left ventricle contracts simultaneously with its mate,
the right ventricle, it forces blood behind the flaps of the mitral
valve thereby closing the way back to the left auricle.

The contraction of the left ventricle pumps the blood through

the entire body. For this reason it is the largest, strengest, and
most muscular section of the heart. When the left ventricle, which

is filled with blood, contracts the resulting pressure in the ventricle

opens the aortic valve located in the mouth of the great aorta.

The aorta is the large artery which carries the blood from the
left ventricle.

The Circulation of the Blood

The directional flow of blood in the heart is determined by
valves which allow the blood to flow in only one direction.

Both auricles receive blood simultaneously through unguarded
opanings in the veins. The right auricle receives its blood thirough
the superior and inferior vera cavas while the left auricle receives

its blood through the pulmonary veins.
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A wave of muscular contraction starts et the top of tne heart

and passes downward, simultaneously, over both gides of the heart, for
example, both auricles contract at the sase time and then relax as the
contraction passes down to the ventricles. When the auricles are
caused to contract they become small and pale and in doing so the blood
in their chambers is subjected to increased pressure which forces biood

through both the tricuspid and mitral valves.

As the ventricles fill, eddies of the blood float the flaps on
both the tricuspid and mitral valves out to a pacrtially closed position.

As the ventricle pressure becomes greater than that in the
auricles, the valves are tightly closed and so prevent blcod from be-

ing forced backward into the auricles.

While the auricles are relaxing from the contraction, blood
flows into them from the veins before the contraction of the ven-

tricles is initiated.

The instant that the contraction of the auricles has been
completed the ventricles are stimulated to contract; this contraction
increases the pressure in the chambers forcing the valves, both the

tricuspid and mitral, completely shut.

The semi-lunar valves, the three flapped valves, both the
pulmonary and aortic that guard the entrances to the pulmonary artery
on the right and the aortic artery on the left respectively, are closed
by the back pressure provided by blood already in these vessels. When
pressure provided by blood already in these vessels. When pressure in
the ventricles becomes greater than that in the exit vessels, the

pulmonary and aortic valves (open) .

Blood flows from the righc ventricles into the pulmonary
artery on route to the lungs and from the left ventricle into the

aorta for distribution through the entire body.

Immediately following ejection of blood into the arteries, the
ventricles begin to relax; this lowers the pressure within their
chambers and the greater pressure in the arteries closes the semi-
lunar valves. Pressure within the ventricle is sufficient, however,
to maintain closure of the tricuspid and matril valves against the

already increasing auricle pressure.

As the ventricles relax further, pressure within them decreases
correspondingly, and the tricuspid and mitral valves are forced open by
increased auricle pressure, caused by blood flowing into them from the
veins. So before the next auricle contraction, blood is alreacdy flow-
ing from the auricles into the ventricles because of a greater blood
pressure existing in the auricles over that which exists in the ven-

tricles.
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The Cycle of tiie Heartbeac Consists of Two Parts

The relaxation of the ventricles, during which they are filled
with blood is called the diastelic phase.

The heart relaxes between beats in the diastolic phase. Blood
flows into the neart filling boih auricles. While blood is flowing
into the auricles the reccil of the artery wall still maintains part
of the pressure developed by the contraction of the ventricles. This
{s the time of lowest pressure in the arteries or what is called the

diastolic pressure.

The contraction phase or systolic phase begins when the auri-
cles contract. The blood forces its way through the mitral and
tricuspid valves into the ventricles.

The ventricles contract and force the blood through the semi-
lunar valves--pulmonary and aortic valives.

After passing through the pulmonary and aortic valves the
blond passes into the pulmonary and aortic arteries.

The blood leaves the ventricles under terrific pressure and

surges through the arteries with a force so great that it bulges their
elastic walls. At this point, arterial blood pressure is greatest; we
refer to this pressure as the systolic pressure.

The heart relaxes again end the tricuspid and mitral valves
close. Blood flows into the auricles, the mitral and tricuspid
valves are forced open and the cycle begins again.
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APPENDIX E

Sample Visual Illustrations

PERICARDIUM
Oral Presentation (Group I)
EPICARDIUM
S — -
Abstract Line (B & W) '
Group Il
PERICARDIUM.
EPICARDIUM
X —
Abstract Line (Color)
Group ILI PERICARDIUM
=,
EPICARDIUM
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-

-

Detailed, Sladed (B & W)
Group IV

PERICARDIUM \

I
EPICARDIUM

PERICARDIUM

Detailed, Shaded (Color)
Group V

EPICARDIUM

Heart Model (B & W)
1
Group V PERICARDIUM

EPICARDIUM




Heart Model (Color)
Group VII

Reaiistic Photographic
(B & W) Group VIII

Realistic Photographic
(Color) Group IX

Psmcmmuml
1

PERICARDIUM

PERICARDIUM

EPICARDIUM
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EPICARDIUM

EPICARDIUM
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